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ABBY WOODS

PROJECT SUMMARY

Existing Conditions and Site Description
Abby Woods is located off the easterly side of Carroll Road.

Abby Woods proposes one dead end road in Abby Road. Abby Road contains 500’ of roadway alignment. The
road will provide a conventional cul-de-sac at the terminus. Post-development, the proposed Abby Woods
subdivision will consist of 10 lots, totaling 12.4 acres.

The parcel is mapped on the Town of Grafton zoning map in the Medium Density Residential (R-20) district.
The site soils have been identified from the USDA NRCS Soil Survey of Worcester County, Massachusetts,
Southern Part, and consist of 305C Paxton and 315B Scituate, and are classified as Hydrologic Soil Group
(HSG) C under the USDA. A copy of the USDA SCS Soil Survey Tables and Map can be seen in the attached
appendices. The limits of the mapped 100- year flood zone as identified the NFIP Firm Community Panel
25027CO829E dated July 4,2011 is depicted on the plans. The proposed plans do not propose any filling
within the flood plain. There is a delineated wetland that is located to the rear of the proposed subdivision. No
filling in the wetlands is proposed. The site is not subject to the Rivers Protection Act and there are no other
regulated resource areas, aside from the BVW, within 100’ of the proposed work, and the site is not in a
designated ACEC.

Hvdrologic Analysis Summary

The subdivision proposes 10 total lots. There are three existing structures on-site, a single-family house, a barn
and a large shed. There is a gravel drive that leads from Carroll Road to the existing structures. The
remainder of the site is a combination of wild un-maintained growth and wooded areas,

A hydrologic analysis for SCS-TR 20, Type III- 24 hour, 2, 10, and 100-year storms have been conducted on
the site in order to evaluate the pre-development and post-development runoff rates and to provide a BMP for
the site in an effort to improve site runoff conditions. The 25-year storm event was evaluated to properly size
the closed drainage system and can be seen in spreadsheet format in the attached appendices.

Under existing conditions, stormwater flows northwesterly into Carroll Road and southwesterly into the
existing wetland system these two points have been defined for calculation purposes as the site Point of
Interests (POI). The runoff is confined mainly within the property boundaries; to the south is the Grafion-
Upton Railroad; and to the west is a large hill (most-likely ledge outcrop). These natural features prevent off-
site water from influencing our drainage analysis.

The proposed closed drainage system consists of a series of stormwater collection structures, i.e., deep sump
catch basins and drain manholes. The site drainage is collected in two drainage systems. Runoff from the first
closed systems is directed to the sediment forebay and Detention basin for treatment of sediment, TSS
removal, and discharge to the abutting wetlands. The second closed system is directed to a downstream
defender before being connected into the existing drainage system on Carroll Road.
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Hydrologic Analysis

HS&T Group, Inc. used HydroCAD software, Version 8.50 to conduct hydrologic analyses. The HydroCAD
model uses “nodes” to represent different natural and proposed features. The following is a brief description
of each type of HydroCAD node used:

SUBCATCHMENT -relatively homogenous area of land that drains into a single reach or pond.
Models the effect of rainfall on a specific section of the watershed, and produces a runoff
hydrograph. Subcatchments are described by a number of parameters such as area, curve
number, and time of concentration. A subcatchment may also be used to model the water
falling directly on the surface of a pond.

REACH-models the effect of a hydrograph being routed through a uniform stream, channel, or pipe
under open-channel flow conditions. This results in attenuation and delay of the peak flow
due to the storage and travel time of the reach. Note that when a subcatchment feeds a reach
along its length, it should generally be treated as a component of the Tc calculation for the
subcatchment, and not as an independent reach.

POND- An impoundment that fills with water from one or more sources and empties in a manner
determined by a weir, culvert or other outlet device(s) and models the storage effects of any
retention or detention area, such as a reservoir, detention pond, or storage chamber. A pond
can also incorporate a variety of any outlet control devices, such as culverts, weirs, etc., with
the ability to account for headwater and tailwater effects. An optional secondary outflow can
be used to divert part of the outflow for independent routing,

LINK- used to enter a hydrograph generated outside HydroCAD, or to interconnect several routing
diagrams. A link can also be used to scale a hydrograph, to split it into two components for
independent routing, or to define a fixed or tidal tailwater elevation for certain routing
methods.

HydroCAD uses the following equations to calculate the travel time for sheet flow and shallow concentrated
flow. The calculated travel times and variables for each catchment area can be seen in the attached
HydroCAD data.

Travel Time for Sheet Flow:
Tr=[0.007(nL)0.8)/[P-**8%4] n = Manning’s Coefficient
L = Flow Length (ft.)
P» = 2-year 24 hour rainfall (inches)
S = Land Slope (ft./ft.)

Travel Time for Shallow Concentrated Flow:
T+ = L/(3600V) L = Flow Length (ft.)
V = Average Velocity (fps) = (Kv)(8*%)
Kv =Velocity Factor (fps)
S = Land Slope (ft./fi.)
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The analysis points have been evaluated under the pre-development and post-development conditions to
estimate the stormwater runoff rates under the 2-year, 10-year, and 100-year, Type III, 24-hour storm events.
Rainfall values for each of these return periods have been obtained from the NOAA Atlas 14, Volume 10,
Version3. Copies of the atlases can be seen in the attached appendices.

Return Period Rainfall (in.)

2YEAR 7
10 YEAR 5.04
100 YEAR 7.84

Table 1.0: 24 Hour Rainfall Values Utilized

The HydroCAD data generated in the analysis for each return
period has been enclosed in the attached appendices.

MSMP Standards

Each BMP has been designed in accordance with the Massachusetts Stormwater Management Policy (MSMP)
Volumes I and I and III. The following is a summary of the purpose and design of each BMP used as it
relates to the guidelines specified in the MSMP Vol. 11 on a point-by-point basis. The proposed drainage
system meets the Stormwater Management Policy of the Massachusetts Department of Environmental
Protection as follows:

Standard #1 - No Untreated Stormwater:
No new stormwater conveyances discharge untreated stormwater directly to, or cause erosion to
wetlands or waters of the Commonwealth.

Standard #2 — Post Development Peak Discharge Rates:
The Stormwater Management System is designed so that the post-development peak runoff rates do

not exceed pre-development peak discharge rates.

Stormwater controls have been designed for the 2, 10 and 100-year storms. The post-development
rates for these storms are less than the pre-development runoff rates.

The results of the Hydrology Analysis for the pre-development and post-development conditions are

as follows:
STORM EVENT 2.YEAR  10-YEAR  100-YEAR

Subcatchment 1

PRE DEVELOPMENT RATES (cfs): 388 9.5 19.46

POST DEVELOPMENT RATES (cfs): 136 933 15.85
Subcatchment 2

PRE DEVELOPMENT RATES (cfs): 4.12 933 18.44

POST DEVELOPMENT RATES (cfs): 4.09 8.85 17.01

Table 2.0: Pre-development and Post-development runoff rates.
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Standard #3 — Recharge to Groundwater:
At a minimum, the annual recharge from the post-development site approximates the annual recharge
from pre-development conditions based on soil type.
For each NRCS Hydrologic Group on the site, the required recharge volume equals the recharge
volume set forth multiplied by the total land area within that NRCS Hydrologic Group that is
impervious. For the HSG C, the required recharge rate equals:

Impervious area of roadways and sidewalks = 39,204 ft.
HSG C =0.25" of runoff x (impervious area)

=0.25" x (39,204) x 1f/12"

= 817 ft.? volume required for recharge

Cultec Unit Volume = 85.97 ft.} per unit x 10 units = 859.7 .3

Conclusion: 859.7 ft.? provided > 817 ft.>required - o.k.

Drawdown Analysis:  Time gawiown = Rv / (K)(bottom area)

(Basin) Time grwdown = (85.97 fi.%) (127/ft.} / (0.27"/hr)(83.33 fi.2)
= 45,85 hours
Conclusion: 45.85 hrs. <72 hrs - o.k.

Standard #4 — Water Quality:
TSS REMOVAL

Stormwater management systems shall be designed to remove 80% of the average annual post
construction load of TSS. Please see attached MaDEP TSS computation sheets for compliance with
this removal rate requirement and as reiterated below.

BMP1 % Removal
Deep Sump Hooded catch basins 25%
Stormceptor 80%
Detention basin (with pre-treatment) 50%

TSS Removal = [1.0-(1.0-.25) 1.0-.80)1.0-.50] x 100% = 93%

Conclusion:
Total stormwater system TSS removal = 89%

BMP2 % Removal
Deep Sump Hooded catch basins 25%
Stormceptor 80%

TSS Removal = [1.0-(1.0-.25) 1.0-.80)] x 100% = 85%

Conclusion:
Total stormwater system TSS removal = 85%
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WATER QUALITY VOLUME

The required water quality volume equals 0.5” of runoff times the total impervious area of the post-
development project site:

Required WQV = 0.5” x Impervious Site Area
(0.57)(39,204 ft.7)(1/12) = 1,634 fi.3

The forebay has a capacity of 2,015 fi.? below the weir overflow.

Conclusion: 2,015 fi.? provided = 1,634 ft." required - o.k.

Sediment Forebay Guidelines:
Site Criteria (MSMP Vol, II );

o An irregular shaped forebay with 12.5"depth and a volume of 2,015 f.? has been proposed.
The contributing impervious area is approximately 39,204 sq. ft (.9 acres). The required sediment
forebay size per MSMP standards is 0.1"/impervious acre, or 327 ft.%.

Required Forebay Sizing = 0.1” x Impervious Site Area
(0.1)(39,204 f1.7)(1/12) = 327 ft.}

Conclusion: 2,015 ft.* provided > 327 ft.} required - o.k.

Design Criteria (MSMP Vol. IT ):
e Access can be easily gained to the sediment forebay via the 5:1 maintenance access road, and
a 10’ wide access berm surrounding the forebay and basin.
Machinery and hand maintenance can be accommodated.
The Detention basin and forebay will both work to meet the required recharge volume.
A floor drain has been proposed in the sediment forebay.
The sediment forebay depth has been proposed as 12.5”.
Side slopes have been proposed at maximum of 3:1.
The proposed outlet has been designed to prevent scouring from the 2-year peak discharge.

Standard #5 — Higher Potential Pollutant Loads:
This proposal is not a Land Use with Higher Potential Pollutant Load (LUHPPL).

Standard #6 — Protection of Critical Areas:

This site does not have the potential to impact critical areas with sensitive resources as defined in
MSMP Vol. I, Ch. 1, page 15.

Standard #7 — Redevelopment Projects:
This site is a not considered a redevelopment project and is subject to full compliance with all
Stormwater Management Standards.

Standard #8 — Erosion and Sediment Control:
A plan to control construction related impacts, including erosion, sedimentation, and other pollutant
sources during construction and land disturbance activities have been shown on the plans,

This project proposed to disturb more than one acre of land and is required to obtain coverage under
the NPDES Construction General Permit issued by EPA and prepare a Stormwater Pollution and Prevention
Plan (SWPPP). Submission of the SWPPP to the Local Approving Authority shall occur prior to any land
disturbance.
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Standard #9 — Operation/Maintenance Plan:
A long-term Operation and Maintenance Plan has been developed and is included in the following
appendices. It shall be implemented to ensure that the stormwater systems function as designed.

Standard #10 — Illicit Discharges:

All illicit discharges to the stormwater management system are prohibited. Illicit discharges to the
stormwater management system are defined as discharges that are not completely comprised of stormwater.
This office has conducted a field inspection of the site. No illicit discharges were detected as part of this
inspection. Measures are dictated in the SWPPP to prevent illicit discharges from occurring post-construction.

CALCULATIONS AND REPORT BY Lesley Wilson
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CULTEC Contactor 100HD
Stormwater System

——"

Stormwater and Septic Solutions . T

SR iS50 8001:2000
= 2 o cortifigtifacilities

CULTEC Contactor 100HD Stormwater System Designed for
(NAME) (CITY, STATE ZIP)

Required Storage Volume 80 cubic feet

Proposed Design

Number of Rows Wide 2 pieces
Number of Chambers Long 1 pieces
Number of Chambers Required 2 pieces
Bed Width 8.33 feet
Bed Length 10.00 feet
Bed Area Required 83.33 square feet
Volume of Excavation 8 cubic yards &
Storage Volume Provided per Installed Chamber 2881 cubic feet i
Storage Provided B5.97 cubicfeet >0 un 9\«5 = 8 5 9. 7 c ?f 2 9 V7 TQC@J <
Assumptions
Chamber Height 12.5 inches
Design Unit Height 2.041666667 feet
Chamber Width 36 inches
Chamber Spacing 4 inches
Design Unit Width 3.333333333 feet
Chamber Volume per Linear Foot 1.866 cubic feet / foot
Design Unit Volume 3.841822222 cubic feet / foot
Installed Chamber Length 7.5 feet
Chamber Length Adjustment 0.5 feet
Material List Estimated Cost
Contactor 100RHD Starter 2 pieces #VALUE!
Contactor 100EHD End 0 pieces #VALUE!
CULTEC No. 410 Filter Fabric 33 square yards #VALUE!
1 1/2 - 2 inch Diameter Broken Stone 7 tons #VALUE!
Volume of Excavation 8 cubic yards #VALUE!

Total #VALUE!

Thiz is not a quole.

Input the system base elevation in the blue box to customize incremental Basa Elevation 0
storage output; (feet) =

Click on these links below to go to the product webpages:

CULTEC Contactor 100HD webpage.
CULTEC No._ 410 Filter Fabric webpage,

CULTEC, Inc. Phone: 203-775-4416
P.O. Box 280 Fax: 203-775-1462
Brookfield, CT 06804 www_cultec. com ut

]|



FEO-1

GIVEN:

FIND:

d50 =

d100 =

RIP RAP APRON DESIGN
FROM CONNECTICUT GUIDELINES FOR SOIL EROSION AND SEDIMENT CONTROL

bDo=

Tw

La=

d50 =
d100 =

(1.7*Q )/ (Do ~(3/2)) + 8 * Do =

3*Do+lLla=

(0.02 / Tw) * (Q / Do)*(4 / 3) =

1.5 * (d50) =

1.5 * (d100) or 8",
whichever is greater

1.5 ft
10.2 cfs
0.74 ft Tw = 49% of Do
Length of Rip Rap Pad
Width of Rip Rap Pad
Average Rock Diameter
Largest Rock Diameter

Thickness of Rip Rap Pad

214 ft

25.9 ft

4.2 in

1]

3.65 Ibs

6.3 in 12.32 Ibs

6.3 in

RIP RAP
APRCN

W -~



RIP RAP APRON DESIGN

FROM CONNECTICUT GUIDELINES FOR SOIL EROSION AND SEDIMENT CONTROL

FEO-2

GIVEN:

FIND:

d50 =

d100 =

Do= 1.5 #
= 14.0 cfs
Tw = 0.74 ft
La= Length of Rip Rap Pad
= Width of Rip Rap Pad
d50=  Average Rock Diameter
d100 = Largest Rock Diameter

= Thickness of Rip Rap Pad

(1.7*Q )/ (Do A3/2)) +8*Do= 250 ft
3*Do+la= 295 ft
(0.02 / Tw) * (Q / Doy*(4 / 3) = 6.4 in
1.5 * (d50) = 9.7 in
1.5 * (d100) or 6", 6.3 in

whichever is greater

- FLOW

RIP RAP La

APRON

WX

-
=
A1

Tw = 49% of Do

13.32 Ibs

44.98 Ibs
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Since 1985

IS0 8001:2000
[eErntifigdifacilities

CULTEC Contactor 100HD Stormwater System Calculations v.wssrzzos
PROJECT INFORMATION:

PREPARED FOR:
[11.277500
Abby Woods
Gratton, MA
CALCULATED BY: DATE:
s ses CrT—
Culteg, Inc.
|878 Federal Ra
Brookfisld, CT
203.775.4418
203 775,1482
Systam Information
Proposad bad layoul of INPUT I 2| Rows x l 1|NoA of Units per Row
General Given Information
Given: INPUT
Storape required 8ojcF 2264 m*
Stone base 6{inchas 152 4 mm
Stcne above Gfinches 152 4 mm
Centar to Center Spacing 4linchas 101.6 mm
No. of HVLY SFC-24 Feed Connactors Ounits
Stone Porosity 40]%
Stone Barder Width 1|fn! 03048 m

Azsumptions

Model Name

Chamber Henhit

inches

icet

Design Umt
Hewght

Chamber \Wuth  Chamber Spacing”™ Dewga Unit Vhdih

inches inthes

fect
m

Chamber Volume
perLincar Fool

cu. it

cu. mim

cu. ftit
cu. m/m

Hevgn Unit Volume

installed
Chamber
Length

feet

m

Contactor® 100 RHD Stand Alons Metnic

HVYLV™ SFC-24 Feed Connectors Matric

hm mm
English 2.333333333 i
b 1.018 0.357 2.268
English 78 n/a 12 na na 032 n'a 0.333
183.04 na a8 n'a nia 0030 na 0102

Calculated by:
CULTEC, Inc.

PO Box 280
Brookfield. CT 06804

PH 203-775-4416
FX:203-775-1462

www.culiec.com
tech@cutlec.com



—~——10,00" {3.05 m]——=

1 [ i i
u.mm__m.oma_ E

8.33' [2.54 m]

1.00' [0.30 m]—— mll

MATERIALS LIST
CONTAGTOR 100AHD STAND ALONE 2 PIECES CULTEC STORMWATER MANAGEMENT SYSTEM
HWLY SFCs2 FEED CONNECTGR o PIECES STORAGE REQUIRED: 80 c.f.
- STORAGE PROVIDED: 85 ¢.f.
EULTEC T, AIORILTER PABRIE 78736 ! Rows *INSTALLED USING TYPICAL STONE AMOUNTS
CULTEC No 20L POLYETHYLENE LINER 1” LINEAL FEET OF 6 INCHES BELOW AND ABOVE UNITS AND A
1113 - 2 INCH DIAMETER BROKEN STONE 5 CUBIC YARDS 1 FT. BORDER SURROUNDING
VOLLME OF EXCAVATION ] CUBIC YARDS
m r..lmc LTEC, -_._nm_..»! S AN S REPASED 10 SUPPORY W e EXCHEER rOm T PRORSEO SSTEAL T BTV ABBY WOODS CULTEC CONTACTOR t00HD
I PD Bos200 PH: (203) 7731418 FULL COMPLIANCE WITH ALL APPLICABLE LAWS ANO REGULATIONA. IT S THE DESIGN ENGINEER'S RESPONSINLITY GRAFTON, MA PROJECTNO: 11-277500 | DATE: 52511
R R T T R PROPOSED STORMWATER SYSTEN Cerwen v caes v o
CULTEC  wwow.caiiec. coom arl- L FORALL GESIGH DECISIONS.

SCALE: HIS. SHEET NO:

10F1




STORAGE PROVIDED WITHIN CULTEC CONTACTOR 100HD STORMWATER CHAMEERS AND HVLY SFC.24 FEED CONNECTORS - not

including stone
Number of Contactor 100 RHD Stand Alona by design £ 2 pes
pcs x 7.500 = 15.00 feet 4572 m
Length adjustmeni par row =
2 X 0.500 = .00 fest 03048 m
Number of HVLV SFC.24 Feed Connaclors a 0 pcs
G peix 0,333 = 0 00 fael om
Total footage of Contacior 100HD chambers = 15.00 fest 4.57 m
Total footage of HVLY SFC-24 Feed Conneclors = .00 fea1 0.00 m
Storage provided withi Contactor 100HD chembers . 2800 CF 079 m>
Storage within HVLV SFC-24 Fead Connactors = 000 CF 0.00 m:
Tatal Storage within CULTEC 100HO ch and fesd = 2B.00 CF 0.79 m’
STORAGE PROVIDED WATHIN ENTIRE CULTEC STORMWATER SYSTEM - including stone
Bed widih 8.33 foet 254 m
Bed length 10.00 ient 3.05 m
EHectiva Bed depth (nof nckxng ] 2.04 feel 082 m
Total Area B3.33sq it 774 m*
Volume of Effective Excavation ot nchudng sdatanal cover) 170.14 CF 4.82 m”
Min. Installed Dapth gnchuding mn_ coven .71 leet 083 m
Penmetar of Bed 38 87 laet 1118 m
Total Min, E; t o mver} 226 CF 839 m’
Total Storaga within CULTEC #50HD chambars and fead connectons 28 CF 079 m*
Total Store Reguired 142 CF 403 m
5CY
7 tons
Storage provided within stone 56.86 CF 161 m°
Total Storage within CULTEC Stormwatar System = 85 CF 2.40 m’
CULTEC MATERIALS LIST
MODEL Quantity | Unit of Measure
Recharger 150 RHD Stand Alns Heavy Duty 2 pcs.
CULTEC No. 410 Filtar Fabnc 75 W x 300 L (228 m W x 5144 mL) 1 nolls
CULTEC No. 20L Polyethy Liner 17 feet 5| m {
Total Stona 7 tons 4] cubic meters |

Calt CULTES for coat webimaies and eywiem demgn

Th caicuistor program is.for eatimehon purposes onfy and shouid not lske e plece Of & COTPTERETLYVE SNOVMENNG Desgn
System cabuistorn do nol fchude nslendds. remared comve innal pres mandolos
Thet st bl apphescan wnd s of Tua Bfiware praguc] @ L)
Tha user of tha softwars must sustable to

i pleed by ey et i et Soupupnt

The informulion presenied in e ComEuber outpul % r ieview, Infarpretabon, sppicebon, and SpErovel by 8 qualfied enginser who Must MaUMe Rl responabilly for vertying that B oulgt . KOpropnets B Camec

Ay It OF dxprbiked waTIAT SOvnrs) Il 00fadt DIOGAT SF iy

Una of thes progrem constutes scceptence of us hebeiy sgresmend by ihe used
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CULTEC Contactor®100HD

The Contactor® 100HD is a 12.5" (318 mm) tall, low
profile chamber and is typically used for installations

—Tzernnleanl Lnforrnzeior

with depth restrictions or when & larger infiltrative
area is required. The Contactor 100HD has the side
portal internat manifold feature. The HVLV™ SFCx2

Feed Connector is inserted into the side portal of the

Contactor 100HD to create the internal manifold.

Side Portal

Size (L x W x H)
Instafled Length
Length Adjustment per Run

Chamber Storage

Min. Instalied Storage

Min. Area Required

Min, Center to Center Spacing
Max. Allowable Cover

Max. Inlet Opening in Endwali
Side Portal Dimensions {H x W)
Max. Allowable Pipe Size in

Compatible Feed Connector

8'x 36" x 12.5"

2.44 mx 914 mm x 318 mm

7.5
2.29m
0.5'
0.15m

1.B7 fty/ft

0.17 m3¥/m
14,00 ft*/unit
0.40 m3/unit

3.84 ft'/fe

0.36 m¥m
28.81 ft3/unit
0.82 m*funit

25 fi2
2.32m?
3.33
1.02m
14
4.27 m
10"

250 mm
7" x 7.5"

178 mm x 191 mm

6"

150 mm
HVLVY™ SFCx2 Feed Connector

Per Chamber

Chamber and Stone Storage

Min, Effective Depth

Stone Required Per Chamber

Stone Foundation Depth’

6"
152 mm
28.81 ft?
0.82 m?
2.04°
0.62m
1.37 yd?*
1.05m?

12"
305 mm
338187
0.96 m*

2,54’
0.77 m
1.84 yd?
1.40 m?

18"
457 mm |
38.81 ft?
1.10m?

3.04'
093 m
2.30 yd?

1.76 m?

Calculations are based on tnstalled chamber iength
Includes 6 (132 mm} stone above crown of chamber and typlcal stone surround.

Stone veld calculated at 40%.

Contactor® 100HD Bare Chamber Storage Volumes

FElevation Incremental Storage  Cumulative
Volume Storage
LR omifm I

12 205 | 0009 0001 ©0068 0.002 13995 0.3%
11 279 | 0067 0005 0503 D0.014 13.928 0.3%4
10 254 | 0,110 0.010 0.825 0.023 13.425 0.380
] 229 | 0139 0013 1,043 0030 12600 0.357
8 203 | 0159 0015 1193 0034 11558 0.327
7 178 | 0,174 0018 1305 0.037 10365 0.294
5 152 | 0.184 0017 1380 0039 9.060 0.257
5 127 | 0,192 0.018 1440 0041 7.680 0,217
4 102 | 0.203 0019 1523 0043 6240 0.177
3 76 0203 0.012 1523 0.043 4718 0.134
2 51 0,203 0019 1,523 0043 3195 0.090
1 25 0223 0021 1,673 0.047 1673 0.047

Total 1.866 0,173 13595 0,396 13895 D396

Calculations are based on Installed chamber length.

For more information, contact CULTEC at (203) 775-4416 or visit www.cultec.com,
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CULTEC Contactor® 100HD

Three View Drawing

CULTEC

MODEL 100RHD STARTER
SMALL RIB LARGE R18

N | Y

MODEL 100EHD MIDDLE/END
SMALL RIB LARGE RIB

™ Y

e i
45 DIA !"“ e A 12.57 {318 mm)
! " : 60°[152mm] |
l

36.0° (914 mm] |

| 96" [2438 mm) £
INSTALLED LENGTH = 90" {2286 mm] ———«
| T [178 mm]

LARGE RIB

- 7.5 [191 mm)

Typical Cross Section for Paved Traffic Application

CULTEC HVLV SFCx2
FEED CONNECTOR
WHERE SPECIFIED

CULTEC CONTACTOR 100HD
HEAVY DUTY CHAMBER

R,

/— PAVEMENT

1-2 INCH DIA. WASHED CRUSHED STONE
4 OZ. NON-WOVEN FILTER FABRIC

ARQUND STONE, TOR AND SIDES
MANDATORY.

% au'lzlmml_i

--------- 's%—_mnsz me)
f

»
% 12.5° 1318 mum]
|

95% COMPACTED FILL

J607 998 ) e

N 6.07 (152 mm)|
"""/'—{
Ry
CULTEC NO 20L POLYETHYLENE LINER
TO BE PLACED BENEATH

HVLY SFCx2 FEED CONNECTOR
WHEN UTILIZING INTERNAL MANIFOLD

$0.07 10158 M| eremeaee]
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For more information, contact CULTEC at (203) 775-4416 or visit www.cultec.com.
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CULTEC Contactor®100HD

Plan View Drawing

e —_. - PAVEMENT
2 T

PAVEMENT SUB-BASE

85% COMPALTED FiLL

|

A > L — 40GZ NON-WOVEN FILTER FABRIC
CULTEC HVLV SFCx2 | Sy e " AROUND STONE TOP AND SIDES
FEED CONNECTOR R et T MANDATORY: BOTTOM PER ENGINEER'S
| "Ly DESIGN PREFERENCE.
CULTEC NO. 201 POLYETHYLENE l] 2 B
LINER ABOVE STONE BASE AND ~ i _—— e 1-2 iINCH WASHED CRUSHED
BENEATH CONTACTOR 100HD e | STONE BENEATH AND
HEAVY DUTY CHAMEER SIDE [ i E - AROUND CHAMBER BED
PORTALS WHERE UTILIZNG | | | i [ & MIN. DEPTH OF 1-2 INCH
INTERNAL MANIFOLD ] CRUSHED WASHED STONE
ABOVE AND BELOW CHAMBER
CULTEC CONTAGTOR 100HD ——-
HEAVY DUTY CHAMBER
| INLET FEED PIPE PER
| % ENGINEER DESIGN

{MAX, INLET = 10 INCHES)

Typical Bed Layout

Using AutoCAD Array Function

1. Add Alternate Usits to your Dimenstan Style and
use 0.3048 as the Multipller

£ 4 Using the Rectangle command, create the three i =

chamber outlings and the feed connectors: o Y,

Starter: 3.00' x 7.75' S YR

Intermediate: 3.00' x 7.5' J

End: 3.00° x 7.75 [ EER T ! CINTAC Mt ook o 1 boe T
Feed Connector: 1.00" x 1.64' e — "
3. Hateh the Starter and End chambers to diferenti- Yoy T
ate them, Place a feed connector (as shown) at ___/_//,//;g/: i .
one end of the starter and end chambers. ' P S
4. Select the Intermediate chamber and select the e iy
array command. ¥
5. Specfy the number of rows and columns {ex. 10 [
rows, 7 cofumns). Do not In¢lude the starter and S1-q

end chambers |n the column count.

6.  The chambers should be oriented honzontally
{as shown). Set the row offset to 3.33" and the
column offset te 7.75'. The rotation angle should

i - wle B

LORTALTOR 1l 4 KD

be ©. LBy

7. Llick accept to create the bed. v 1 _I—

8. Uslng the Rectangle command to surround the o)
bed. Offset the rectangle 1' Lo represent the stone !-—-—-—————— Pt b Sl
border.

9, Using the Rectangle command create a polyethyl-
ene liner underneath the feed connectors at both
ends of the bed. It should be 10' wide and span CAR 19C Al FZL FOLYSTHTE R
the width of the bed. Apply correct hatching and

1abel the liner.

For more information, contact CULTEC at {203) 775-4416 or visit www.cultec.com.
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CULTEC Contactor® 100HD Specifications CULTEC

(CESIlz“r!riilc;l:‘ht:l;antactor9 100HD chambers are designed for underground stormwater management, The chambers may be used
for retention, recharging, detention or controlling the flow of on-site stormwater runoff.

CHAMBER PARAMETERS

1. The chambers will be manufactured by CULTEC, Inc. of Brookfield, CT. (203-775-4416 or 1-800-428-5832)

2. The chamber will be vacuum thermoformed of black high molecutar weight high density polyethylene (HMWHDPE).

3. The chamber will be arched in shape.

4, The chamber will be cpen-bottomed.
5

The chamber will be joined using an interlocking overlapping rib method. Connections must be fully shouldered overlap-
ping ribs, having no separate coupiings or separate end walls.

6. The nominal chamber dimensions of the CULTEC Contactor® 100HD shall be 12.5 inches (318 mm) tall, 36 inches (914
mm) wide and B feet (2.44 m) long. The installed length of a joined Contactor® 100HD shall be 7.5 feet (2.29 m).

Maximum inlet opening on the chamber endwall is 10 inches (250 mm).

8. The chamber will have two side portals to accept CULTEC HVLV™ SFCx2 Feed Connectors to create an internal manifold.
The nominal dimensions of each side portal will be 7 inches (178 mm) high by 7.5 inches (191 mm) wide. Maximum al-
lowable pipe size in the side portal is 6 inches (150 mm).

9. The nominal chamber dimensions of the CULTEC HVLV'™ SFCx2 Feed Connector shall be 7.6 inches (194 mm) tall, 12
inches (305 mm) wide and 19.7 inches (500 mm) long.

10. The nominal storage volume of the Contactor® 100HD chamber will be 1.866 3 / ft (0.173 m?/ m) - without stone. The
nominal storage volume of & joined Contactor® 100HD shall be 13.995 2 / unit (0.396 m? / unit) - without stone.

11. The nominal storage volume of the HVLV™ SFCx2 Feed Connector will be 0.294 ft3 / ft (0.027 m*/ m) - without stone.

12. The Contactor® 100HD chamber will have fifty-six discharge holes bored into the sidewalls of the unit's core to promote
lateral conveyance of water.

13. The Contactor® 100HD chamber shall have 16 corrugations.

14. The endwall of the chamber, when present, will be an integral part of the continuously formed unit. Separate end plates
cannot be used with this unit.

15. The Contactor®* 100RHD Starter unit must be formed as a whole chamber having two fully formed integral endwalls and
having no separate end plates or separate end walls.

16. The Contactor® 100EHD Middie/End unit must be formed as a whole chamber having one fully formed integral endwall
and one fully open end wall and having no separate end plates or end walls.

17. The HVLY™ SFCx2 Feed Connector must be formed as a whole chamber having two open end wails and having no sepa-
rate end plates or separate end walls. The unit will fit into the side portals of the Contactor® 100HD and act as cross feed
connections.

18. Chambers must have horizontal stiffening flex reduction steps between the ribs.

19. The chamber will be designed to withstand AASHTO H-25 load rating when installed according to CULTEC's recommend-
ed installation instructions.

20. Heavy duty units are designated by a colored stripe farmed into the part along the length of the chamber.

21. The chamber will have a raised integral cap at the top of the arch in the center of each unit to be used as an optional
inspection port or clean-out.

22. The units may be trimmed to custom lengths by cutting back to any corrugation on the large rib end.
23. The chamber shall be manufactured in an ISO 9001:2000 certified facility.

For more information, contact CULTEC at (203) 775-4416 or visit www.cultec.com.
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Stormceptor Sizing Detailed Report
PCSWMM for Stormceptor

Project Information
Date 5/31/2011

Project Name Abby Woods
Project Number |DMH6/SC
Location North Grafton, MA

Stormwater Quality Objective

This report outlines how Stormceptor System can achieve a defined water quality objective through the
removal of total suspended solids (TSS). Attached to this report is the Stormceptor Sizing Summary.

Stormceptor System Recommendation

The Stormceptor System model STC 450i achieves the water quality objective removing 81% TSS for a
OK-110 (sand only) particle size distribution.

The Stormceptor System

The Stormceptor oil and sediment separator is sized to treat stormwater runoff by removing pollutants
through gravity separation and flotation. Stormceptor's patented design generates positive TSS removal
for all rainfall events, including large storms. Significant levels of poliutants such as heavy metals, free
oils and nutrients are prevented from entering natural water resources and the re-suspension of
previously captured sediment (scour) does not occur.

Stormceptor provides a high level of TSS removal for small frequent storm events that represent the
majority of annual rainfall volume and pollutant load. Positive treatment continues for large infrequent
events, however, such events have little impact on the average annual TSS removal as they represent a
small percentage of the total runoff volume and pollutant load.

Stormceptor is the only oil and sediment separator on the market sized to remove TSS for a wide range

of particle sizes, including fine sediments (clays and silts), that are often overlooked in the design of other
stormwater treatment devices.

MATERIALS ™
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Small storms dominate hydrologic activity, US EPA reports

“Early efforts in stormwater management focused on flood events ranging from the 2-yr
to the 100-yr storm. Increasingly stormwater professionals have come to realize that
small storms (i.e. < 1in. rainfall) dominate watershed hydrologic parameters typically
associated with water quality management issues and BMP design. These small storms
are responsible for most annual urban runoff and groundwater recharge. Likewise, with
the exception of eroded sediment, they are responsible for most pollutant washoff from
urban surfaces. Therefore, the small storms are of most concermn for the stormwater
management objectives of ground waler recharge, water quality resource protection and
thermal impacts control.”

“Most rainfall events are much smaller than design storms used for urban drainage
models. In any given area, most frequently recurrent rainfall events are small (less than
1 in. of daily rainfal]).”

“Continuous simufation offers possibilities for designing and managing BMPs on an
individual site-by-site basis that are not provided by other widely used simpler analysis
methods. Therefore its application and use should be encouraged.”

— US EPA Stormwater Best Management Practice Design Guide, Volume 1 - General
Considerations, 2004

Design Methodology

Each Stormceptor system is sized using PCSWMM for Stormeeptor, a continuous simulation model
based on US EPA SWMM. The program calculates hydrology from up-to-date local historical rainfall data
and specified site parameters. With US EPA SWMM's precision, every Stormceptor unit is designed to
achieve a defined water quality objective.

The TSS removal data presented follows US EPA guidelines to reduce the average annual TSS ioad.
Stormceptor’s unit process for TSS removal is settling. The settling model calcutates TSS removal by
analyzing (summary of analysis presented in Appendix 2):

Site parameters

Continuous historical rainfall, including duration, distribution, peaks (Figure 1)
Interevent periods

Particle size distribution

Particle settling velocities (Stokes Law, corrected for drag)

TSS load (Figure 2)

Detention time of the system

The Stormceptor System maintains continuous positive TSS removal for all influent flow rates. Figure 3
illustrates the continuous treatment by Stormceptor throughout the full range of storm events analyzed. It
is clear that large events do not significantly impact the average annual TSS removal. There is no decline
in cumulative TSS removal, indicating scour does not occur as the flow rate increases.

MATERIALS™
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Figure 1. Runoff Volume by Flow Rate for WORCESTER WSO AP - MA 9923, 1948 to 2005 for 1 ac,
100% impervious. Small frequent storm events represent the majority of annual rainfali volume. Large
infrequent events have little impact on the average annual TSS removal, as they represent a small
percentage of the total annual volume of runoff.
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Figure 2. Long Term Pollutant Load by Flow Rate for WORCESTER WSO AP - 9323, 1948 to 2005
for 1 ac, 100% impervious. The majority of the annual pollutant load is transported by small frequent

storm events. Conversely, large infrequent events carry an insignificant percentage of the total annual
poliutant load.
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Cumulative TSS removal (STC 450i) (%)
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00 0.5 1.0 1.5 20 25 30
Flow {cfs)
Stormceptor Model STC 450i Drainage Area (ac) 1
TSS Removal (%) 81 Impervious (%) 100

Figure 3. Cumulative TSS Removal by Flow Rate for WORCESTER WSO AP — 9923, 1948 to 2005.
Stormeeptor continuously removes TSS throughout the full range of storm events analyzed. Note that
large events do not significantly impact the average annual TSS removal. Therefore no decline in
cumulative TSS removal indicates scour does not occur as the flow rate increases.

MATERIALS ™
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Appendix 1
Stormceptor Design Summary
Project Information Rainfali
Date 513172011 Name WORCESTER WSO AP
Project Name Abby Woods State MA
Projeti.:i Number DMHG/SC iD 9923
Location A Years of Records | 1948 fo 2005
Designer Information Latitude 42°16'2°N
Company HS & T Group, Inc Longitude 71°52'34"W
Contact Lesley Wilson
Notes Water Quality Objective
N/A TSS Removal (%) 80
Drainage Area Upstream Storage
Total Area (ac) 1 Storage Discharge
Imperviousness (%) 100 (argﬂ) (c;s)
The Stormceptor System model STC 450i achieves the
water quality chjective removing 81% TSS for a OK-
110 (sand only)} particle size distribution.
Stormceptor Sizing Summary
Stormceptor Model LELLLLG
%
STC 900 88
STC 1200 g8
STC 1800 88
STC 2400 91
STC 3600 92
STC 4800 94
STC 6000 94
STC 7200 95
STC 11000 o7
STC 13000 97
STC 16000 97
=

MATERIALS ™
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Particle Size Distribution

Removing silt particles from runoff ensures that the majority of the pollutants, such as hydrocarbons and heavy
metals that adhere to fine particles, are not discharged into our natural water courses. The table below lists the
particke size distribution used to define the annual TSS removal.

OK-110 (sand only)
Particle Size| Distribution Sepéﬁ:f; 3:}3'&'3 Particle Size| Distribution Séprgﬁ'l?; 3;';'25

um % fils um % fi/'s

1 0 265 0.0012

53 3 265 0.0083

75 15 2,65 0.0133

88 25 2.65 0.0180
106 40.8 265 0.0254
125 15 265 0.0343
150 1 265 0.0475

Stormceptor Design Notes

Stormeeptor performance estimates are based on simulations using PCSWMM for Stormeeptor.

Design estimates listed are only representative of specific project requirements based on total suspended
solids (TSS) removal.

Only the STC 450i is adaptable to function with a calch basin inlet and/for inline pipes,
Only the Stormceptor models STC 450i to STC 7200 may accommodate multiple inlet pipes.
Inlet and outlet inverl elevation differences are as follows:

Intet and Outlet Pipe Invert Elevations Differences

. . . STC900to STC | STC 11000 to
Injet Pipe Configuration STC 450§ 7200 STC 16000
Single inlet pipe 3in, 1in. 3in.
L . . . Only one infet
Multiple inlet pipes 3in. Jin. pipe.

Design estimates are based on stable site conditions only, after construction is completed.

Design estimates assume that the storm drain is not submerged during zero fiows. For submerged
applications, piease contact your local Slormceptor representative.

Design estimates may be modified for specific spills controls. Please contact your local Stormceptor
representative for further assistance.

For pricing inquiries or assistance, please contact Rinker Materials 1 (800) 809-7763
www.rinkerstormceptor.com

MATERIALS ™
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Appendix 2
Summary of Design Assumptions

Site Drainage Area

lTotaI Area (ac) ] Imperviousness (%) 100
Surface Characteristics Infiltration Parameters
Width (ft) 417 Horton's equation is used to estimate infiliration
Slope (%) 2 Max. Infiltration Rate (in/hr) 244
Impervious Depression Storage (in.) 002 Min. Infiltration Rate (in/hr) 04
Pervious Depression Storage (in.) 0.2 Decay Rale (s1) 0.00055
Impervious Manning’s n 0.015 Regeneration Rate (s-) 0.01
Pervious Manning's n 0.25
Evaporation
Maintenance Frequency IDain Evaporation Rale (inches/day) , 0.1 ,
Sediment build-up reduces the sterage volume for
sedimentation. Frequency of maintenance is Dry Weather Fiow
assurned for TSS removal calculations.
Maintenance Frequency (months) | 12 |I3ry Westher Flow (cfs) | L |
Winter Months
|Winter Infiltration | Faise |

Upstream Attenuation

Slage-storage and stage-discharge relationship used to model attenuation upstream of the Stormeeptor System is
identified in the table below
Storage Discharge
ac-ft cfs
0 0
7 =

MATERIALS™
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PARTICLE SIZE DISTRIBUTION

Particle Size Distribution
Elemoving fine particles from runoff ensures the majority of pollutants, such as heavy metals, hydrocarbons, free oils

nd nutrients are not discharged into natural water resources.  The table below identifies the particle size distribution
elected to define TSS removal for the design of the Stormeeptor System.

OK-110 (sand only)
. . o Specific Settling . . T Specific Settling
Particle Size | Distribution Gravity Velocity Particle Size | Distribution Gravity Velocity
um % ft's Bm Yo fi/s
1 0 2.65 0.0012
53 3 2,865 0.0083
75 15 2.65 0.0133
88 25 2.65 0.0180
106 40.8 265 0.0254
125 15 2.65 0.0343
150 1 2.65 0.0475
PCSWMM for Stormceptor
Grain Slze Distributions
100 - P S
30 -
80
£ 701 GRAVEL
£ &
w B0 -
2 SAND  COBBLES
5 50 4 u
=]
E
3 40 -
30 ~
20 -
10
0 - T 1] 1
1 10 100 1000 10000

Grain Size (um)

—¢~HNJDEP ="—Fine Disiribution —e—0K-110 ——F-95 Sand —8—Coarse Dislfibution

Figure 1, PCSWMM for Stormceptor standard design grain size distributions.

MATERIALS ™
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TSS Loading Parameters

|TSS Loading Function |Buildup / Washoff |
Buildup/Washoff Parameters TSS Availability Parameters
‘I;Eanl;lggl Eve;\lf Mean Concentration 125 Availability = A + BiC
L ) (":,gl E)’ o 04 Availability Constant A 0.057
Exponent!al V\:‘" :pﬂ Eower - ) Availability Factor B 0.04
Xpanentia Washotl Exponentia ' Availability Exponent 1.4
Min. Parlicle Size Affected by 400
Availability (um)

HYDROLOGY ANALYSIS

PCSWMM for Stormceplor calculates annual hydrology with the US EPA SWMM and lacal continuous historical
rainfall data. Performance calculations of the Stormceptor System are based on the average annual removal of TSS
for the selected site parameters. The Stormceptor System is engineered to capture fine particles (silts and sands) by
focusing on average annual runoff volume ensuring positive removal efficiency is maintained during all rainfall
evenls, while preventing the opportunity for negative removal efficiency {scour).

Smaller recurring storms account for the majority of rainfall events and average annual runoff volume, as observed in
the historical rainfail data analyses presented in this section.

Rainfall Station

Rainfall Station WORCESTER WSO AP
Rainfall File Name MAS8923.NDC | Total Number of Events 8087
Latitude 42°16'2"N Total Rainfalk (in.) 2201.4
Longitude 71°52'34"W Average Annual Rainfall (in.) 38.0
Elevation (ft) 986 Total Evaporation (in.) 210.2
Rainfall Period of Record (y) 58 Total Infiltration (in.) 0.0

. . Percentage of Rainfall that is
Total Rainfall Period (y) 58 Runoff (%) 933

g [

MATERIALS ™
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Rainfall Event Analysis

. Percentage of Percentage of
Rainfall Depth No. of Events Total Events Total Volume Annual Volume
in. % in. %
025 5853 724 350 159
050 B89 107 6 144
a.75 492 61 206 139
1.00 280 38 255 e
125 186 24 21 100
1.50 n7 14 161 73
175 81 10 Lk} 60
200 52 08 a7 44
225 a4 05 94 43
250 30 o4 " 32
27 23 03 £0 27
300 10 0.1 29 13
325 0 0.1 31 14
350 4 0.0 14 06
3715 3 0.0 12l 05
400 3 0.0 12 0s
425 1 0.0 4 02
450 1 00 4 02
475 2 0.0 g 04
500 3 0o 15 0.7
525 a ao L] 09
550 t 0.0 5 02
575 o a0 0 00
6.00 ¢ ao 0 00
625 1 00 ] 03
6.50 0 oo 0 0.0
675 a o0 a 00
700 1] 0o 0 0.0
725 ¢] [+14] D 00
750 0 [¢14] 0 00
775 1] 1]] 0 00
800 1} oo *] [1]¢]
825 [} 0.0 1} 00
»>B25 ] 0.0 1] a0
Frequency of Occurence by Rainfall Depihs
103
a0
80
£,
8
¥ e
5.
s
B
=]
g
g
[
=0
10
o1 I . | B N S
LT - N - | - - - - 3 P} . Y - - o o i q
TR ® w3 e : ; 1
Rainfall Depth {in.)
10 |
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Pollutograph
Flow Rate Influent Mass Efftuent Mass Total Mass Cumulative Mass
cfs ton ton ton %
0035 2.2682 0 B35 30987 732
0143 2.7247 03762 30987 are
0318 29073 0.1925 30987 818
0.865 2 9988 G.1012 30987 967
0883 3.047 0.0528 30987 983
1271 30723 00275 30887 $9 1
173 30855 00143 30887 926
226 30929 0 D066 30587 996
286 A0865 0.0033 3.09087 999
3531 10876 0.0011 aopa7 100.0
42713 30987 o 3.0087 100.0
5088 30987 1] 3.0887 100.0
5,968 30987 1] 3.0887 100.0
6.922 30687 1] 3.0987 1000
7.848 30087 1] 30987 100.0
804 aoge7 a 30087 100.0
10.208 30987 1} -l vy 1000
11.442 30987 a 0987 100.0
12.749 3.0987 0 0987 100.0
14126 3.0987 0 0887 1000
15574 3.0087 [+] 10987 1000
17 092 3.0987 0 0987 1000
168.681 3.0087 4] 3.0987 1000
20.341 3 0087 4] 3.0987 1000
22072 3.0887 1] 30987 1000
23873 30987 1] 30987 1000
25.744 3.0087 0 30987 1000
27 687 3.0987 0 3onga7 1000
287 3.0987 0 3oga7 Wwe o
31.783 3.0987 0 2.0987 1000
Cumulative Mass Transported by Flow Rate
. For area. 1 {ac), imperviousness: 100%, ramnfall station; WORCESTER W50 AP
50+
— BO|
2
g 70
fe
a
= 50 |
g w0
=
E 30 E
20|
10!
0 ! . H 1
00 02 Ga 06 08 10 12 1.4 16 18 20 22

Flow (cfs)

11
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100

Cumulative Runoff Volume (%)
&

Cumulative Runoff Volume by Runoff Rate

Volume Cumulative
Runoff Rate Runoff Volume
Overflowed Runoff Volume
cfs f? ft* %
0035 1820470 5642765 24 4
0.141 3798263 3666020 508
.18 5235818 2226480 mn2
0.585 £161074 1289445 B2e
0883 6729952 730332 802
121 7055388 404302 846
173 7228730 230933 969
226 7327766 131769 982
285 7387826 71720 9.0
A5 7426284 33225 808
4273 7445187 14307 958
£.085 7453518 £954 899
5968 7458010 1460 1000
6922 T459204 178 100.0
7948 TA59470 4] 1000
9041 7459470 [} 1000
10.206 7459470 0 100.0
11.442 7459470 [+] 1000
12743 7459470 4] 1000
14126 7459470 1] 100.0
15574 7459470 1] 100.0
17 082 7453470 ] 1000
16 681 7458470 1] 1000
20341 7458470 o 1000
22072 7459470 o 1000
23.873 7459470 1} 1000
25.744 7458470 0 1000
27.687 7458470 i} 000
2687 7458470 4] 10430
31.783 7458470 Q 1000

Cumulative Voiume of Runoff by Runoff Rate
For area: 1 {ac), mperviousness: 100% ramfall station: WORCESTER WSO AP
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Stormceptor Sizing Detailed Report
PCSWMM for Stormceptor

Project Information
Date 5/31/2011

Project Name Abby Woods
Project Number |DMH3/SC
Location INorth Grafton, MA

Stormwater Quality Objective

This report outlines how Stormceptor System can achieve a defined water quality objective through the
removal of total suspended solids (TSS). Attached to this report is the Stormceptor Sizing Summary.

Stormceptor System Recommendation

The Stormeeptor System model STC 450i achieves the water quality objective removing 81% TSS for a
OK-110 (sand only) particle size distribution.

The Stormceptor System

The Stormceptor oil and sediment separator is sized to treat stormwater runoff by removing pollutants
through gravity separation and flotation. Stormceptor’s patented design generates positive TSS removal
for all rainfall events, including large storms. Significant levels of pollutants such as heavy metals, free
cils and nutrients are prevented from entering natural water resources and the re-suspension of
previously captured sediment (scour) does not oceur.

Stormceptor provides a high level of TSS removal for small frequent storm events that represent the
majority of annual rainfall volume and pollutant load. Positive treatment continues for large infrequent
events, however, such events have little impact on the average annual TSS removal as they represent a
small percentage of the total runoff volume and poliutant load.

Stormceptor is the only oil and sediment separator on the market sized to remove TSS for a wide range

of particle sizes, including fine sediments (clays and silts), that are often overlooked in the design of other
stormwater treatment devices.

1 R/ m ]
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Small storms dominate hydrologic activity, US EPA reports

“Early efforts in stormwater management focused on flood events ranging from the 2-yr
to the 100-yr storm. Increasingly stormwater professionals have come to realize that
small storms (i.e. < 1 in. rainfall) dominate watershed hydrologic parameters typically
associated with water quality management issues and BMP design. These small storms
are responsible for most annual urban runoff and groundwater recharge. Likewise, with
the exception of eroded sediment, they are responsible for most poliutant washoff from
urban surfaces. Therefore, the small storms are of most concemn for the stormwater
management objectives of ground water recharge, water quality resource protection and
thermal impacts controt.”

“‘Most rainfalf events are much smaller than design storms used for urban drainage
models. In any given area, most frequently recurrent rainfall events are small (less than
1 in. of daily rainfali).”

“Continuous simulation offers possibilities for designing and managing BMPs on an
individual site-by-site basis that are not provided by other widely used simpler analysis
methods. Therefore its application and use should be encouraged.”

- US EPA Stormwater Best Management Practice Design Guide, Volume 1 — General
Considerations, 2004

Design Methodology

Each Stormceptor system is sized using PCSWMM for Stormceptor, a continuous simulation model
based on US EPA SWMM. The program calculates hydrology from up-to-date local historical rainfall data
and specified site parameters. With US EPA SWMM's precision, every Stormeeptor unit is designed to
achieve a defined water quality objective.

The TSS removal data presented follows US EPA guidelines to reduce the average annual TSS load.
Stormceptor’s unit process for TSS removal is settling. The settling model calculates TSS removal by
analyzing (summary of analysis presented in Appendix 2):

Site parameters

Continuous historical rainfall, including duration, distribution, peaks (Figure 1)
Interevent periods

Particle size distribution

Particle setiling velocities (Stokes Law, corrected for drag)

TSS load (Figure 2)

Detention time of the system

The Stormceptor System maintains continuous positive TSS remaval for all influent flow rates. Figure 3
illustrates the continuous treatment by Stormceptor throughout the full range of storm events analyzed. It
is clear that large events do not significantly impact the average annual TSS removal. There is no decline
in cumulative TSS removal, indicating scour does not occur as the flow rate increases.




-
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Figure 1. Runoff Volume by Flow Rate for WORCESTER WSO AP - MA 9923, 1948 to 2005 for 1 ac,
100% impervious. Smali frequent storm events represent the majority of annual rainfall volume. Large
infrequent events have little impact on the average annual TSS removal, as they represent a small
percentage of the total annual volume of runoff.

&

Figure 2. Long Term Pollutant Load by Flow Rate for WORCESTER WSO AP — 9923, 1948 to 2005
for 1 ac, 100% kmpervious. The majority of the annual pollutant load is transported by small frequent
storm events. Conversely, large infrequent events carry an insignificant percentage of the total annual
pollutant load.

3 R/ m l
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Stormeeptor Model STC 450i Drainage Area {ac) 1
TSS Removal (%) 81 Impervious (%) 100

Figure 3. Cumulative TSS Remnoval by Flow Rate for WORCESTER WSO AP — 9923, 1948 to 2005.
Stormceptor continuously removes TSS throughout the full range of storm events analyzed. Note that
large events do not significantly impact the average annual TSS removal. Therefore no decline in
cumulative TSS removal indicates scour does not occur as the flow rate increases.

MATERIALS™
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Appendix 1
Stormceptor Design Summary
Project Information Rainfall
Date 5/31/2011 Name WORCESTER WSO AP
Project Name Abby Woods State MA
Proje&lzt Number DMH¥/SC D 9923
Lacation North Grafion, MA Years of Records | 1948 to 2005
Designer Information Latitude 42°16'2'N
Company SRR Longitude 71°52'34'W
Contact Lesley Wilson
Notes Water Quality Objective
N/A TSS Removal (%) 80
Drainage Area Upstream Storage
Total Area (ac) 1 Storage Discharge
Imperviousness (%) 100 (agm (C;s)
The Stormceptor System model STC 450i achieves the
water quality objective removing 81% TSS for a OK-
110 (sand only) particle size distribution.
Stormceptor Sizing Summary
Stormceeptor Model LESGE WL
%
STC 450i 81
STC 200 88
STC 1200 88
STC 1800 88
STC 2400 91
STC 3600 g2
STC 4800 94
STC 6000 94
STC 7200 95
STC 11000 97
STC 13000 97
STC 16000 97
5 =

MATERIALS ™
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Particle Size Distribution

ﬁemoving silt particles from runoff ensures that the majority of the polfutants, such as hydrocarbons and heavy
metals that adhere to fine particles, are not discharged into our natural water courses. The table below lists the
particle size distribution used to define the annual TSS removal,

OK-110 (sand only)

Particle Size| Distribution %”;ﬁ'lf; Voo | |Particle Size| Distributon T | vaoer
Km % ft/s pum % ft's
1 0 265 0.0012
53 3 265 0.0083
75 15 265 0.0133
88 25 265 0.0180
106 40.8 265 0.0254
125 15 265 0.0343
150 1 265 0.0475

Stormceptor Design Notes

Stormeeptor performance estimates are based on simulations using PCSWMM for Stormceptor.

Design estimates listed are only representative of specific project requirements based on total suspended
solids {TSS) removal.

Only the STC 450i is adaptable to function with a catch basin inlet and/or inline pipes.
Only the Stormceptor models STC 450i to STC 7200 may accornmodate multiple inlet pipes.
Inlet and outlet invert elevation differences are as follows

Infet and Outlet Pipe Invert Elevations Differences

. . ) STC900to STC | STC 1100010
Inlet Pipe Configuration STC 450i 7200 STC 16000
Single inlet pipe 3in, 1in. 3in.
L . . . Only one inlet
Multiple inlet pipes 3in. Jin. pipe.

Design estimates are based on stable site conditions only, after construction is completed,

Design estimates assume that the storm drain is not submerged during zero flows. For submerged
applications, please contact your local Stormceptor representative.

Design estimates may be modified for specific spills controls. Please contact your local Stormeeplor
representative for further assistance.

For pricing inquiries or assistance, please contact Rinker Malerials 1 (800) 909-7763
www.rinkerstormceptor.com

MATERIALS™
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Appendix 2
Summary of Design Assumptions

SITE DETAILS

Site Drainage Area

imperviousness (%) 100

Infiltration Parameters

[Total Area (ac) 1
Surface Characteristics

Width (1) 417
Slope (%) 2
Impervious Depression Storage (in.) 0.02
Pervious Depression Storage (in.) 0.2
Impervious Manning's n 0.015
Pervious Manning's n 0.25

Maintenance Frequency

Sediment build-up reduces the sterage volume for
sedimentation. Frequency of maintenance is
assumed for TSS removal calculations,

Maintenance Frequency {months) I 12

Upstream Attenuation

Horton's equation is used to estimate infiltration

Max. Infiltration Rate (in/hr) 244
Min. Infiltration Rate (in/hr} 0.4
Decay Rate (s7) 0.00055
Regeneration Rate (s°1) 0.01
Evaporation

[Daily Evaporation Rate (inches/day) | 0.1 |
Dry Weather Flow

|Dry Weather Flow (cfs) | No |
Winter Months

|\Mnter Infitration | False |

Stage-storage and stage-discharge relationship used 1o model attenuation upstream of the Stormceptor System is

identified in the table below.

Storage
ac-fi

Discharge
cis

0

0

MATERIALS ™
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PARTICLE SIZE DISTRIBUTION

Particle Size Distribution

nd nutrients are not discharged into natural water resources. The table below identifies the particle size distribution

E!emoving fine particles from runoff ensures the majority of pollutants, such as heavy metals, hydrocarbons, free ails

elected to define TSS removal for the design of the Stormceptor System.

QK-110 {sand only)
. . A Specific Setiling . . - Specific Settling
Particle Size | Distribution Gravity Velocity Particle Size | Distribution Gravity Velocity
pm % fi's __bm % fi/s
1 0 2.65 0.0012
53 3 265 0.0083
75 15 2.65 0.0133
8g 25 2.65 0.0180
106 40.8 2.65 0.0254
125 15 2,65 0.0343
150 1 2.65 0.0475
PCSWMM for Stormceptor
Grain Size Distributions
100
90 ~
80
70 - GRAVEL
&

60
D COBBLES

50

Cumulative Finer {%}

40 -

30 -

20 -

10 -

0 t 7
1 10 100 1000 10000
Grain Size {um)
——HJDEP =I—Fine Distnbution —e—0OK-110 —a—F-95 Sand -®— Coarse Distribtition

Figure 1. PCSWMM for Stormeeptor standard design grain size distributions.
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1SS Loading Parameters

[TSS Loading Function

| Buildup / Washoff

]

Buildup/Washoff Parameters

TSS Availability Parameters

Target Event Mean Concentration
(EMC) {mg/L)

Exponential Buildup Power
Exponential Washoff Exponential

125

0.4
0.2

Availability Constant A
Availability Factor B
Availability Exponent C

Availability (um}

Availabiiity = A + BiC

Min. Particle Size Affected by

0.057
0.04
1.1

400

HYDROLOGY ANALYSIS

PCSWMM for Stormeeptor calculates annual hydrelogy with the US EPA SWMM and local continuous historical
rainfail data. Performance calculations of the Stormceptor System are based on the average annual removal of TSS
for the selected site parameters. The Stormceptor System is engineered 1o capture fine particles (silts and sands) by
focusing on average annual runoff volume ensuring positive removal efficiency is maintained during all rainfall
events, while preventing the opportunity for negative removal efficiency (scour).

Smaller recurring storms account for the majority of rainfall events and average annual runoff volume, as observed in
the historical rainfall data analyses presented in this section.

Rainfall Station

'Rainfall Station WORCESTER WSO AP
Rainfall File Name MAS923 NDC | Total Number of Events 8087
Latitude 42°16'2"N Total Rainfall (in.) 2201 .4
Longitude 71°52'34"W Average Annual Rainfall {in.) 38.0
Elevation (ft) 986 Total Evaporation {in.) 210.2
Rainfall Period of Record (y) 58 Total Infiltration (in.) 0.0

. . Percentage of Rainfall that is
Total Rainfall Period (y) 58 Runoff (%) 93.3

9 [
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Rainfall Event Analysis

: Percentage of Percentage of
Rainfall Depth No. of Events Total Events Total Volume e
in. % in. %
025 5853 724 350 159
050 858 107 ne 144
Qs 483 6.1 306 13¢%
100 280 36 255 116
125 196 2.4 2N 100
150 117 1.4 181 73
175 81 10 m 60
2.00 52 08 97 44
225 44 05 94 43
250 30 04 7t a2
275 23 0.3 60 27
A00 10 01 29 13
325 10 D1 n 14
250 4 00 14 06
3.75 3 X1} 11 05
400 3 oo 12 05
425 1 g 4 02
450 1 00 4 02
475 2 oo 8 04
500 3 o0 15 07
525 0 oo o 00
58 1 a0 5 a2
575 o 00 [} o0
6.00 0 0.0 0 00
625 1 0.0 -] 23
650 0 0.0 o 0.0
6.75 ] 0.0 0 0o
7.00 1] 00 1] 0o
725 0 0Q 1] 0.0
7 50 o oo o a0
775 a oo L] a0
8.00 [ 00 0 00
825 [+] oo ] +1]
»B2% 0 00 0 0.0

10 ]
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Pollutograph
Flow Rate Influent Mass Effluent Mass Total Mass Cumulative Mass
cfs ton fon ton %
0035 2.2682 0837 30998 732
0141 27247 0.3782 3.0698 878
0318 29084 01925 30698 838
0.565 2.9988 01012 10998 95.7
0682 3047 00528 3009 883
1271 0723 00275 30888 981
173 3.0866 00143 apasa 996
226 3.0932 0.0056 3.0858 948
268 3.0865 00033 J.0888 999
383 3.0887 Q601 3.0898 1000
4273 3.09%8 aQ 3.0998 1000
5085 3.0998 2] 3.0908 1000
5568 30998 [v] 30998 1000
6922 3.0988 4] 30898 1000
7948 30988 4] 30998 1000
2041 Joges [+] 3.0998 100.0
10.208 30388 ] 3.09s8 100.0
11.442 30298 i+ 3.0988 1000
12749 30298 ] 308398 100.0
14126 20899 [v] 3.08%8 100.0
15574 A.0998 0 30988 1000
17092 30098 1] 30998 100.0
18681 3.0698 0 30998 100.0
2034 3.0698 1] 30908 100.0
22072 3.0098 1] 1.0908 100.0
23872 309898 1] 309008 100.0
25744 30998 0 10998 100.0
27.687 30998 4] 30098 100.0
207 10958 4] 10098 1000
31.783 3.0998 o] 3.0898 100.0
11 ]
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Cumulative Runoff Volume by Runoff Rate

Volume Cumulative
Runoff Rate Runoff Volume
Overflowed Runoff Volume

cfs a e %
0.035 1820470 56542765 244
0.141 3784283 3666020 509
0.318 5235818 2226480 702
0.585 6161074 1269445 828
0883 6729952 730332 802
1271 7055388 404302 948

173 7228730 230933 989
226 7327766 131789 98 2
286 7387826 71720 880
A5n 7426284 3N5 86
4273 7445197 14307 e
5085 7453518 5854 -2}
£.968 7458010 1480 1000
6922 7458254 178 1000
7848 7458470 1] 1000
a.041 7459470 0 1000
10.206 7450470 ] 100.0
11442 7459470 0 100.0
12749 7459470 V] 100.0
14126 7456470 /] 1000
15574 7456470 /] 100.0
17 092 7455470 0 100.0
18 661 7458470 0 100.0
20.341 7458470 1] 100.0
22072 7458470 0 1000
23873 7458470 0 100.0
25744 7458470 0 100.0
27.687 7458470 0 1000
287 7458470 0 100 0
31,783 7453470 4] 100 0

[x]
12 ]
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APPENDICIES: Supporting Information Summary

APPENDIX A:
DEP Stormwater Checklist

APPENDIX B:
Drainage System Operation and Maintenance Plan

APPENDIX C:
The 2-year, 10-year, and 100-year, Type III, 24-hour storm events. Rainfall values for each of these return
periods have been obtained from the NOAA Atlas 14, Volume 10, Version 3

APPENDIX D:
USDA NRCS Web Soil Survey (WSS)
Various USDA Soil Tables

APPENDIX E:
U.S.G.S. Locus Map

APPENDIX F:
NFIP Firm Community Panel 25027C0O829E

APPENDIX G:
Pre-development catchment locations
Post-development catchment locations

APPENDIX H:

Pre-Development Hydrology
Type 11, 2-Year 24 Hour Storm
Type 111, 10-Year 24 Hour Storm
Type 11, 100-Year 24 Hour Storm

APPENDIX I:
Post-Development Hydrology
25-yr Storm Drain Sizing Computations
Type 111, 2-Year 24 Hour Storm
Type 111, 10-Year 24 Hour Storm
Type 111, 100-Year 24 Hour Storm

APPENDIX I
Soil evaluation results and perc results

CALCULATIONS AND REPORT BY Lesley Wilson



APPENDIX A:

DEP Stormwater Checklist

CALCULATIONS AND REPORT BY Lesley Wilson



Important: When
filling out forms
on the computer,
use only the tab
key to move your
cursor - do not
use the return

Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

A. Introduction

A Stormwater Report must be submitted with the Notice of Intent permit application to document
compliance with the Stormwater Management Standards. The following checklist is NOT a substitute for
the Stormwater Report (which should provide more substantive and detailed information) but is offered
here as a tool to help the applicant organize their Stormwater Management documentation for their
Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist,
the Stormwater Report must contain the engineering computations and supporting information set forth in
Volume 3 of the Massachusetts Stormwater Handbook. The Stormwater Report must be prepared and
certified by a Registered Professional Engineer (RPE) licensed in the Commonwealth.

The Stormwater Report must include:

» The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see
page 2) that certifies that the Stormwater Report contains all required submittals. This Checklist
is to be used as the cover for the completed Stormwater Report.

Applicant/Project Name

Project Address

Name of Firm and Registered Professional Engineer that prepared the Report

Long-Term Pollution Prevention Plan required by Standards 4-6

Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan required
by Standard 82

« Operation and Maintenance Plan required by Standard 9

In addition to all plans and supporting information, the Stormwater Report must include a brief narrative
describing stormwater management practices, including environmentally sensitive site design and LID
techniques, along with a diagram depicting runoff through the proposed BMP treatment train. Plans are
required to show existing and proposed conditions, identify all wetland resource areas, NRCS soil types,
critical areas, Land Uses with Higher Potential Pollutant Loads (LUHPPL), and any areas on the site
where infiltration rate is greater than 2.4 inches per hour. The Plans shall identify the drainage areas for
both existing and proposed conditions at a scale that enables verification of supporting calculations.

As noted in the Checklist, the Stormwater Management Report shall document compliance with each of
the Stormwater Management Standards as provided in the Massachusetts Stormwater Handbook. The
soils evaluation and calculations shall be done using the methodologies set forth in Volume 3 of the
Massachusetts Stormwater Handbook.

To ensure that the Stormwater Report is complete, applicants are required to fill in the Stormwater Report
Checklist by checking the box to indicate that the specified information has been included in the
Stormwater Report. If any of the information specified in the checklist has not been submitted, the
applicant must provide an explanation. The completed Stormwater Report Checklist and Certification
must be submitted with the Stormwater Report.

! The Stormwater Report may also include the lllicit Discharge Compliance Statement required by Standard 10. I not included in
the Stormwater Report, the lllicit Discharge Compliance Statement must be submitted prior to the discharge of stormwater runoff to
the post-construction best management practices.

2 For some complex projects, it may not be possible to include the Construction Period Erosion and Sedimentation Control Plan in
the Stormwater Report. In that event, the issuing authority has the discretion to issue an Order of Conditions that approves the
project and includes a condition requiring the proponent to submit the Construction Period Erosion and Sedimentation Control Plan
before commencing any land disturbance activity on the site.

swcheck.doc « 04/01/08 Stormwater Report Checklist » Page 1 of 8



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

B. Stormwater Checklist and Certification

The following checklist is intended to serve as a guide for applicants as to the elements that ordinarily
need to be addressed in a complete Stormwater Report. The checklist is also intended to provide
conservation commissions and other reviewing authorities with a2 summary of the components necessary
for a comprehensive Stormwater Report that addresses the ten Stormwater Standards.

Note: Because stormwater requirements vary from project to project, it is possible that a complete
Stormwater Report may not include information on some of the subjects specified in the Checklist. Ifitis
determined that a specific item does not apply to the project under review, please note that the item is not
applicable (N.A.) and provide the reasons for that determination.

A complete checklist must inciude the Certification set forth below signed by the Registered Professional
Engineer who prepared the Stormwater Report,

Registered Professional Engineer’s Certification

| have reviewed the Stormwater Report, including the soil evaluation, computations, Long-term Pollution
Prevention Plan, the Construction Period Erosion and Sedimentation Control Plan (if included), the Long-
term Post-Construction Operation and Maintenance Plan, the illicit Discharge Compliance Statement (if
included) and the plans showing the stormwater management system, and have determined that they
have been prepared in accordance with the requirements of the Stormwater Management Standards as
further elaborated by the Massachusetts Stormwater Handbook. | have also determined that the
information presented in the Stormwater Checklist is accurate and that the information presented in the
Stormwater Report accurately reflects conditions at the site as of the date of this permit application.

Registered Professional Engineer Block and Signature

Signature and Date

Checklist

Project Type: Is the application for new development, redevelopment, or a mix of new and
redevelopment?

New development
[0 Redevelopment

(7] Mix of New Development and Redevelopment

swcheck.doc « 04/01/08 Stormwaler Report Checklist - Page 2 0f2



= Massachusetts Department of Environmental Protection
?% Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

LID Measures: Stormwater Standards require LID measures to be considered. Document what
environmentally sensitive design and LID Techniques were considered during the planning and design of
the project:

[0 No disturbance to any Wetland Resource Areas

[ site Design Practices (e.g. clustered development, reduced frontage setbacks)
[ Reduced Impervious Area (Redevelopment Only)
[OJ Minimizing disturbance to existing trees and shrubs
[ LID Site Design Credit Requested:
{1 Credit1
] Credit2
[ Credit 3
[0 Use of “country drainage” versus curb and guiter conveyance and pipe
[ Bioretention Cells (includes Rain Gardens)
[J Constructed Stormwater Wetlands (includes Gravel Wetlands designs)
[0 Treebox Filter
[0 water Quality Swale
] Grass Channel
{0 Green Roof
[J Other (describe): : — —

Standard 1: No New Untreated Discharges

BJ No new untreated discharges

Outlets have been designed so there is no erosion or scour to wetlands and waters of the
Commonwealth

Supporting calculations specified in Volume 3 of the Massachusetts Stormwater Handbook included.

swcheck.doc » 04/01/08 Stormwater Report Checklist « Page 3 of 8



Massachusetts Department of Environmental Protection
\'\’R: Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 2: Peak Rate Attenuation

[0 Standard 2 waiver requested because the project is located in land subject to coastal storm flowage
and stormwater discharge is to a wetland subject to coastal flooding.

(O Evaluation provided to determine whether off-site flooding increases during the 100-year 24-hour
storm.

B Calculations provided to show that post-development peak discharge rates do not exceed pre-
development rates for the 2-year and 10-year 24-hour storms. If evaluation shows that off-site
flooding increases during the 100-year 24-hour storm, calculations are also provided to show that
post-development peak discharge rates do not exceed pre-development rates for the 100-year 24-
hour storm.

Standard 3: Recharge

[J Soil Analysis provided.

X Required Recharge Volume calculation provided.

[0 Required Recharge volume reduced through use of the LID site Design Credits.

X Sizing the infiltration, BMPs is based on the following method: Check the method used.

X Static [[] Simple Dynamic [J Dynamic Field!

O

Runoff from all impervious areas at the site discharging to the infiltration BMP.

X

Runoff from all impervious areas at the site is nof discharging to the infiltration BMP and calculations
are provided showing that the drainage area contributing runoff to the infiltration BMP's is sufficient to
generate the required recharge volume.

Recharge BMPs have heen sized to infilirate the Required Recharge Volume.

O X

Recharge BMPs have been sized to infiltrate the Required Recharge Volume only to the maximum
extent practicable for the following reason:

[ site is comprised solely of C and D soils and/or bedrock at the land surface
[0 M.G.L. c. 21E sites pursuant to 310 CMR 40.0000

[ Solid waste Landfill pursuant to 310 CMR 19.000

[ Project is otherwise subject to Stormwater Management Standards only to the maximum extent
practicable.

X

Calculations showing that the infiltration BMPs will drain in 72 hours are provided.

[

Property includes a M.G.L. ¢. 21E site or a solid waste landfill and a mounding analysis is included.

' 80% TSS removal s required prior to discharge 1o infiltration BMP if Dynamic Field method Is used.

swcheck.doc « 04/01/08 Stormwater Report Checklist - Page 4 of 8



Massachusetts Department of Environmental Protection
\,X Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 3: Recharge (continued)

B The infiltration BMP is used to attenuate peak flows during storms greater than or equal to the 10-
year 24-hour storm and separation to seasanal high groundwater is less than 4 feet and a mounding
analysis is provided.

& Documentation is provided showing that infiltration BMPs do not adversely impact nearby wetland
resource areas.

Standard 4: Water Quality

The Long-Term Pollution Prevention Plan typically includes the following:

Good housekeeaping practices;

Provisions for storing materials and waste products inside or under cover;

Vehicle washing controls;

Requirements for routine inspections and maintenance of stormwater BMPs;

Spill prevention and response plans;

Provisions for maintenance of lawns, gardens, and other landscaped areas;

Requirements for storage and use of fertilizers, herbicides, and pesticides;

Pet waste management provisions;

Provisions for operation and management of septic systems;

Provisions for solid waste management;

Snow disposal and plowing plans relative to Wetland Resource Areas;

Winter Road Salt and/or Sand Use and Storage restrictions;

Street sweeping schedules;

Provisions for prevention of illicit discharges to the stormwater management system;
Documentation that Stermwater BMPs are designed to provide for shutdown and containment in the
event of a spill or discharges to or near critical areas or from LUHPPL,;

Training for staff or personnel involved with implementing Long-Term Pollution Prevention Plan;
List of Emergency contacts for implementing Long-Term Pollution Prevention Plan.

D..

A Long-Term Pollution Prevention Plan is attached to Stormwater Report and is included as an
attachment to the Wetlands Notice of Intent.

Treatment BMPs subject to the 44% TSS removal pretreatment requirement and the one inch rule for
calculating the water quality volume are included, and discharge:

O

[ is within the Zone Il or Interim Wellhead Protection Area
[ is near or to other critical areas
O is within solls with a rapid infiltration rate (greater than 2.4 inches per hour)

[0 involves runoff from land uses with higher potential pollutant loads.

O

The Required Water Quality Volume is reduced through use of the LID site Design Credits.

4

Calculations documenting that the treatment train meets the 80% TSS removal requirement and, if
applicable, the 44% TSS removal pretreatment requirement, are provided.
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Massachusetts Department of Environmental Protection
7} Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 4: Water Quality {continued)
The BMP is sized {and calculations provided) based on:

The 2" or 1" Water Quality Volume or

[ The equivalent flow rate associated with the Water Quality Volume and documentation is
provided showing that the BMP treats the required water quality volume.

X] The applicant proposes to use proprietary BMPs, and documentation supporting use of proprietary
BMP and proposed TSS removal rate is provided. This documentation may be in the form of the
propriety BMP checklist found in Volume 2, Chapter 4 of the Massachusetts Stormwater Handbook
and submitting copies of the TARP Report, STEP Report, and/or other third party studies verifying
performance of the proprietary BMPs.

[0 A TMDL exists that indicates a need to reduce pollutants other than TSS and documentation showing
that the BMPs selected are consistent with the TMDL is provided.

Standard 5: Land Uses With Higher Potential Pollutant Loads {LUHPPLSs)

[0 The NPDES Multi-Sector General Permit covers the land use and the Stormwater Pollution
Prevention Plan (SWPPP) has been included with the Stormwater Report.

The NPDES Multi-Sector General Permit covers the land use and the SWPPP will be submitted prior
to the discharge of stormwater to the post-construction stormwater BMPs.

O
[0 The NPDES Multi-Sector General Permit does not cover the land use.
O LUHPPLs are located at the site and industry specific source control and pollution prevention

measures have been proposed to reduce or eliminate the exposure of LUHPPLs to rain, snow, snow
melt and runoff, and been included in the long term Pollution Prevention Plan,

O Aan exposure has been eliminated.
] All exposure has not been eliminated and all BMPs selected are on MassDEP LUHPPL list.

[0 The LUHPPL has the potential to generate runoff with moderate to higher concentrations of oil and
grease (e.g. all parking lots with >1000 vehicle trips per day) and the treatment train includes an oil
grit separator, a filtering bioretention area, a sand filter or equivalent.

Standard 6: Critical Areas

[0 The discharge is near or to a critical area and the treatment train includes only BMPs that MassDEP
has approved for stormwater discharges to or near that particular class of critical area.

[0 Critical areas and BMPs are identified in the Stormwater Report.
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Massachusetts Department of Environmental Protection
7% Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 7: Redevelopments and Other Projects Subject to the Standards only to the maximum

extent practicable

[ The project is subject to the Stormwater Management Standards oniy to the maximum Extent
Practicable as a:

[ Limited Project

[0 Small Residential Projects: 5-9 single family houses or 5-9 units in a multi-family development
provided there is no discharge that may potentially affect a critical area.

[0 Small Residential Projects: 2-4 single family houses or 2-4 units in a multi-family development

with a discharge to a critical area

[J Marina and/or boatyard provided the hull painting, service and maintenance areas are protected
from exposure to rain, snow, snow melt and runoff

[ Bike Path and/or Foot Path
[0 Redevelopment Project

[0 Redevelopment portion of mix of new and redevelopment.

O

Certain standards are not fully met {(Standard No. 1, 8, 9, and 10 must always be fully met) and an
explanation of why these standards are not met is contained in the Stormwater Report.

] The project involves redevelopment and a description of all measures that have been taken to
improve existing conditions is provided in the Stormwater Report. The redevelopment checklist found
in Volume 2 Chapter 3 of the Massachusetts Stormwater Handbook may be used to document that
the proposed stormwater management system (a) complies with Standards 2, 3 and the pretreatment
and structural BMP requirements of Standards 4-6 to the maximum extent practicable and (b)
improves existing conditions.

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan must include the
following information:

Narrative;

Construction Period Operation and Maintenance Plan;

Names of Persons or Entity Responsible for Plan Compliance;
Construction Period Pollution Prevention Measures;

Erosion and Sedimentation Control Plan Drawings;

Detail drawings and specifications for erosion control BMPs, including sizing calculations;
Vegetation Planning;

Site Development Plan;

Construction Sequencing Plan;

Sequencing of Erosion and Sedimentation Controls;

Operation and Maintenance of Erosion and Sedimentation Controls;
Inspection Schedule;

Maintenance Schedule;

inspection and Maintenance Log Form.

[0 A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan containing
the information set forth above has been included in the Stormwater Report.
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Massachusetts Department of Environmental Protection
\(X Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

Checklist (continued)

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control
{continued)

B The project is highly complex and information is included in the Stormwater Report that explains why
it is not possible to submit the Construction Period Pollution Prevention and Erosion and
Sedimentation Control Plan with the application. A Construction Period Poliution Prevention and
Erosion and Sedimentation Control has not been included in the Stormwater Report but will be
submitted before land disturbance begins.

O The project is not covered by a NPDES Construction General Permit.

[] The project is covered by a NPDES Construction General Permit and a copy of the SWPPP is in the
Stormwater Report.

[0 The project is covered by a NPDES Construction General Permit but no SWPPP been submitted.
The SWPPP will be submitted BEFORE land disturbance begins.

Standard 9: Operation and Maintenance Plan

B The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and
includes the following information:

X Name of the stormwater management system owners;

X Party responsible for operation and maintenance;

X Schedule for implementation of routine and non-routine maintenance tasks;
B Plan showing the location of all stormwater BMPs maintenance access areas;
X Description and delineation of public safety features;

[J Estimated operation and maintenance budget; and

[ Operation and Maintenance Log Form.

[0 The responsible party is not the owner of the parcel where the BMP is located and the Stormwater
Report includes the following submissions:

[ A copy of the legal instrument (deed, homeowner's association, utility trust or other legal entity)
that establishes the terms of and legal responsibility for the operation and maintenance of the
project site stormwater BMPs;

[ A plan and easement deed that allows site access for the legal entity to operate and maintain
BMP functions.

Standard 10: Prohibition of lllicit Discharges
[J The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges;

An lllicit Discharge Compliance Statement is attached;

] NO licit Discharge Compliance Statement is attached but will be submitted prior to the discharge of
any stormwater to post-construction BMPs.
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Drainage System Operation and Maintenance Plan

CALCULATIONS AND REPORT BY Lesley Wilson



ABBY WOODS
NORTH GRAFTON, MASSACHUSETTS

STORMWATER COLLECTION AND TREATMENT SYSTEM

OPERATION AND MAINTENANCE PLAN

This long-term Operation and Maintenance Plan outlines the efforts necessary to ensure that the stormwater
collection and treatment system of this site operates in accordance with Massachusetts Department of
Environmental Protection Stormwater Management Policy (MSMP) and as designed and approved. In the
event that the system performance becomes inadequate, adjustments in the Plan may become necessary to
improve the performance.

It is noted that the following restrictions on the use of this property are recommended, for the protection of
groundwater:

o Use of salt on road and sidewalk is to be minimized. Under any conditions where sand or other non-toxic
materials are suitable, they are to be used.

» Use of pesticides, herbicides and fertilizers should be restricted
e  Pet waste should be collected by the owner and disposed of properly.

¢ Proper storage, use, and disposal of household hazardous chemicals, tires, yard waste, paint and solvents,
automobile fluids, and propane tanks is encouraged,

STORMWATER OWNERSHIP AND OPERATION RESPONSIBILITIES

Plan Approval:
Upon approval of the plans, the applicant shall provide a one-time deposit of funds to be placed in escrow with

the Town of Grafton. The amount shall be sufficient to cover the estimated cost of maintenance of the basins
over a twenty-year period once the subdivision roads have been accepted as public ways and shall be
determined on a case-by-case basis.

During Construction:

Construction, maintenance, oversight, and proper operation of the basin and the appurtenant stormwater
management system, and construction period erosion and sedimentation controls throughout the construction
period shall be the responsibility of the contractor. Until accepted by the Town, the developer shall provide the
Planning Board with an annual written report of inspections performed.

Post construction:
The Town of Grafton will obtain responsibility of the inspection and maintenance of the drainage network and
facilities upon acceptance of the roads as public ways.

SCHEDULE OF INSPECTIONAND MAINTENANCE TASKS

Onsite Drainage Areas. Areas that drain into the collection system from onsite must be inspected to verify
that soil surfaces are stable and that erosion of soils into the collection system is not occurring. In the event
that erosion of onsite soils is occurring, the soils must be stabilized against further erosion. Permanently finish
the surface against erosion, by placing stable vegetation such as loam and grass seed, or by armoring the
surface against erosion with rip-rap placed on a filter fabric blanket.

CALCULATIONS AND REPORT BY Lesley Wilson



Asphalt Surfaces. Inspect asphalt surfaces for accumulation of sand, litter, eroded soils or other deleterious
materials. Verify that no hazardous materials, such as fuel oil, motor oils or other material has occurred. Pick
up all litter, junk, trash, or any other deleterious materials left on the surface. Upon detecting accumulation of
sand, sediment or other materials, the asphalt surface must be swept to remove all such materials. All
sweepings collected must be disposed of in accordance with current Massachusetts Department of
Environmental Protection standards for such waste disposal. Any material deposits deemed to be hazardous
must be removed and disposed of by a licensed contractor.

Deep Sump Catch Basins. Inspect units four times per year. Clean units four times per year or whenever the
depth of deposits is greater than or equal to one half the depth from the bottom of the invert of the

lowest pipe in the basin. Regular maintenance is essential. Deep sump catch basins remain effective at
removing pollutants only if they are cleaned out frequently. One study found that once 50% of the sump
volume is filled, the catch basin is not able to retain additional sediments. Inspect or clean deep sump basins at
least four times per year and at the end of the foliage and snow removal seasons. Sediments must also be
removed four times per year or whenever the depth of deposits is greater than or equal to one half the depth
from the bottom of the invert of the lowest pipe in the basin. If handling runoff from land uses with higher
potential pollutant loads or discharging runoff near or to a critical area, more frequent cleaning may be
necessary. Clamshell buckets are typically used to remove sediment, however, vacuum

trucks are preferable, because they remove more trapped sediment and supematant than clamshells.
Vacuuming is also a speedier process and is less likely to snap the cast iron hood within the deep

sump catch basin.

Sediment Trap (Forebay). Inspect sediment forebays monthly. Clean sediment forebays four times per year
and when sediment is between 3-6 feet deep. At a minimum, inspect sediment forebays monthly and clean
them out at least four times per year. Stabilize the floor and sidewalls of the sediment forebay before making it
operational, otherwise the practice will discharge excess amounts of suspended sediments. When mowing
grasses, keep the grass height no greater than 6 inches. Set mower blades

no lower than 3 to 4 inches. Check for signs of rilling and guilying and repair as needed. After removing

the sediment, replace any vegetation damaged during the clean-out by either reseeding or resodding,

When reseeding, incorporate practices such as hydroseeding with a tackifier, blanket, or similar practice to
ensure that no scour occurs in the forebay, while the seeds germinate and develop roots.

Detention Basin. Conduct preventative maintenance twice per year. Inspect to ensure proper functioning after
every major storm during first 3 months of operation and twice a year thereafier and when there are discharges
through the high outlet orifice. Mow the buffer area, side slopes, and basin bottom if grassed floor; rake if
stone bottom; remove trash and debris; remove grass clippings and accumulated organic matter twice a year.
The inspection must require inspecting the pretreatment BMPs in accordance with the minimal requirements
specified for those practices and after every major storm event. A major storm event is defined as a storm that
is equal to or greater than the 2-year, 24-hour storm (generally 2.9 to 3.6 inches in a 24-hour period, depending
in geographic location in Massachusetts). Once the basin is in use, inspect it after every major storm for the
first few months to ensure it is stabilized and functioning properly and if

necessary take corrective action. Note how long water remains standing in the basin afier a storm;

standing water within the basin 48 to 72 hours after a storm indicates that the infiltration capacity may

have been overestimated. If the ponding is due to clogging, immediately address the reasons for the

clogging (such as upland sediment erosion, excessive compaction of soils, or low spots). Thereafler, inspect
the Detention basin at least twice per year. Important items to check during the inspection include;

Signs of differential settlement, Cracking, Erosion, Leakage in the embankments, Tree growth on the
embarnkments , Condition of riprap, Sediment accumulation and, The health of the turf,

At least twice a year, mow the buffer area, side slopes, and basin bottom. Remove grass clippings and
accumulated organic matter to prevent an impervious organic mat from forming. Remove trash and debris at
the same time. Use deep tilling to break up clogged surfaces, and revegetate immediately. Remove sediment
from the basin as necessary, but wait until the floor of the basin is thoroughly dry. Use light equipment to
remove the top layer so as to not compact the underlying soil. Deeply till the remaining
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soil, and revegetate as soon as possible. Inspect and clean pretreatment devices associated with basins

Downstream Defenders. Inspect the unit monthly and within 24 hours afier a storm with rainfall of 0.1” or
greater. Sediment and oil shall be removed when the storage volume is reduced by one half, or at least every 6
months (refer to the manufacturers recommendations for maintenance requirements)

RECORDKEEPING

It is necessary that record of each inspection and maintenance activity be kept. The record keeping shall
be kept on the O&M Maintenance Log for issued by DEP. Such information should include the following:
Person Performing the activity

The date of the activity, and the weather conditions

The preceding weather conditions

The site conditions (dry, heavy snow cover, saturated conditions, etc.)

The specific activity (inspection, cleaning, etc)

The facility inspected

The conditions of the facility

The results of the activity

Illicit Discharge Compliance Statement

This statement is to document that there are no and will be no Illicit Discharges for the Proposed site located at
Carroll Road. Grafion MA

Lesley Wilson

Date

CALCULATIONS AND REPORT BY Lestey Wilson



APPENDIX C:

2-year, 10-year, and 100-year, Type III, 24-hour storm events.
Rainfall values for each of these return periods have been obtained
from the NOAA Atlas 14, Volume 10, Version 3
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NOAA Atlas 14, Volume 10, Version 3
Location name: North Grafton, Massachusetts,
USA*

Latitude: 42.2199°, Longitude: -71.6877°
Elevation: 363.1 ft**

* source: ESRI Maps
** sgurce: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sandra Paviovic, Michael St. Laurent, Cad Trypaluk, Dale Unruh, Orlan Wilhite
NOAA, National Weather Service, Silver Spring, Maryland

BE_tabular | PE_graphical | Maps & aenals
PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)?

Average recurrance interval (years)

Duration|;
10 25 50 100 200 500 1000
. 0.341 0.405 0.510 0.597 0.716 0.806 0.900 1.00 1.15 1.27
=N - (Yo 266-0.434)[|(0.315-0.516)|}(0.396-0.652)||(0.460-0.768)||(0.535-0.962)[(0.590-1.11)||(0.630-1.28)|[(0.676-1.47)[(0.746-1.75)||(0.802-1.96)
. 0.483 0.573 0.721 0.844 1.01 114 1.27 1.42 1.63 1.80
"MiIN (4o .376-0.614)|[(0.447-0.730) |(0.558-0.922))| (0.652-1.09) || (0.757-1.36) | (0.635-1.57)(0.905-1.82)|(0.959-2.08)|| (1.06-2.47) | (1.14-2.78)
15emi 0.568 0675 | 0.849 0.994 1.19 134 || 1.50 167 || 192 211
NN (ko 443-0.723)||0.525-0.859)]] (0.658-1.09) || (0.767-1.28) || (0.891-1.60) |[(0.983-1.84)|| (1.06-2.14) [[ (1.13-2.45) || (1.24-2.81) || (1.34-3.27)
30-mi 0.773 0.919 1.16 1.36 1.63 1.83 2.05 2.28 2.61 2.88
“Min (k0 603-0.984)[| (0.716-1.17) || (0.898-1.48) || (1.05-1.74) || (1.22-2.19) | (1.34-2.52) || (1.45-2.92) |[ (1.54-3.34) || (1.70-3.97) || (1.82-4.a7)
50-mi 0.978 1.16 1.47 1.72 2.06 2.32 2.59 2.89 331 3.65
“Min 5 763-1.25) [| (0.906-1.48) || (1.14-1.87) || (1.33-2.29) || (1.54-2.77) [1(1.70-3.19) || (1.84-3.70) [ (1.95-4.23) || 2.15-5.03) || (2.31-5.66)
h 124 1.48 1.88 2.21 2.66 3.00 3.36 378 4.39 4.90
N 0.989-1.57) || (1.18-1.88) || (1.47-2.39) || (1.71-2.82) || {2.00-3.57) || (2.21-4.11) || (2.41-4.70) || (2.55-5.50) || (2.85-6.62) || (3.11-7.55)
h 1.42 1.70 217 2.55 3.08 3.48 3.90 4.40 5.15 5.78
A (411179 [| (1.38-2.985) {| (1.70-2.75) || (1.99-3.26) || (2.33-4.13) |[(2.57-4.76) || (2.81-5.57) |[ (2.98-6.39) || (3.35-7.75) || (2.68-8.87)
- 1.79 2.16 2.77 327 3.96 447 5.03 5.69 6.70 7.56
N (142225 || 1.79-272) || 2.18-3.49) || (2.5644.15) || (3.01-5.28) || (3.33-6.10) || (3.65-7.15) || (3.87-8.21) || (4.38-10.0) || (4.82-11.5}
. 2.25 2.72 3.50 4.15 5.03 5.60 6.40 7.25 8.54 9.64
0 (.7e-2.81) || (2.16-3.40) || (2.77-4.39) || (3.26-5.23) || (3.84-667) || (4.26-7.72) || (4.66-9.05) || (4.95-10.4) || (5.60-12.7) || (6.17-14.5)
i 2.68 327 423 5.04 6.14 6.96 7.84 8.91 10.5 1.9
F || 214-332) || z61-4.06) || (3.37-5.28) |[ (3.98-6.32) || (4.71-6.09) ||(5.23-8.39) || (5.74-11.0) || (6.10-12.7} || (6.93-15.6} | (7.67-18.0)
2 3.03 3.73 4.88 5.83 7.14 811 9.17 105 12.5 14.2
Y || (z44-374) || 3.004.61) || (3.91-6.08) || (4.64-7.28) || (5.51-9.38) |[ (6.14-10.9) |[ (6.76-12.9) || (7.19-14.8) [{ (8.24-18.3) || 5.17-21.3)
2 3.29 4.05 5.29 6.32 7.73 8.77 8.91 1.3 13.5 15.4
aY || (2.66-4.05) || (3.26-4.99) || (4.25-6.54) || (5.04-7.85) || (5.98-10.1) || (8.65-11.8) || (7.33-13.9) || (7.79-16.0) || (8.92-10.7) || (9.93-22.9)
ad 3.54 4.33 5.63 6.70 3.18 9.27 10.5 1.9 14.2 16.1
Y | (2884.35) || (3.50-5.33) || (4.53-6.94) |} (5.36-8.31) || t5.34-10.7) [[(7.04-12.4) || (7.74-14.8) || (8.22-18.8) || (9.38-20.7) || ¢10.4-23.9)
T 4.23 5.08 5.48 7.64 9.24 10.4 1.7 13.2 15.5 175
Y || (3.44-5.17) || (4.13-6.22) || (5.24-7.97) || (5.14-0.44) || (7.18-12.0) || (7.94-13.8) || (B.66-16.2) |} (9.16-18.5) || (10.3-22.5) [| (11.3-25.9)
104 4.90 5.79 7.25 8.46 101 114 127 14.2 16.5 18.4
Y || (3.909-598) || 4.71-7.07 || 5.88-8.88) || (6.81-10.4) || (7.88-13.0) || (8.65-15.0) || (9.36-17.9) || (0.86-19.8) || (11.0-23.8) || (13.9-27.1)
20-d 6.96 7.90 9.44 107 12.5 13.8 152 16.6 18.7 20.2
Y || (5.70-8.44) || 6.46-9.59) || (7.69-11.5) || (B.68-13.1) || (9.74-15.9) || (10.5-17.9) || (11.2-20.4) || (11.6-23.0) [| (12.5-26.7) || (13.2-29.8)
204 8.67 9.64 1.2 12.5 14.4 15.8 172 18.5 20.3 21.7
A || (7.13-105) || (7.92-11.7) || @.19-13.8) || (10.2-18.3) || (11.218.2) [{(12.0-20.3) || (12.6-22.8) || (13.0-25.5) [[ (13.6-28.0) [| (14.1-31.5)
o 10.8 11.8 13.5 14.8 16.7 18.2 19.6 20,9 2.5 23.6
Y | 8.91-13.0) || (9.73-14.2) || (31.0418.3) || (12.1-18.0) || (33.1-21.0) || (33.9-23.3) || (14.4-25.8} || (14.7-28.6) || (15.1-31.9) [| (15.4-34.2)
c0- 12.6 13.6 15.3 16.8 18.7 20.3 217 23.0 24.4 254
AY || (10.415.9) || (11.3-16.4) || (12.6-18.5) || (13.7-20.3) || (14.7-23.4) || (15.5-25.8) || (15.9-28.3} || (16.2-31.3) [| (16.5-34.5) [| (16.6-36.6)

i Precipitation frequency (PF) estimates In this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 30% confidence interval. The probabllity that precipitation frequency
estimates {for a given duration and average recurrence interval) will be greater than the upper bound (or lass than the lower bound) is 5%. Estimates at
upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

Please refer to NOAA Atles 14 document for more informaltion.
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APPENDIX D:

USDA NCRS Web Soil Survey
Various USDA Soil Tables

CALCULATIONS AND REPORT BY Lesley Wilson
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Soil Map—Worcester County, Massachuselts, Southern Part

Map Unit Legend

Map Unit Symbol Map Unit Name Acras in AOI Parcent of AOI
2458 Hinckley loamy sand, 3t0 8 0.2 0.3%
percent slopes
245C Hinckley loamy sand, B to 15 1.3 2.3%
percent slopes
3058 Paxton fine sandy loam, 3to 8 2.8 4.9%
percent slopes
305C Paxton fine sandy loam, 8 to 24.0 41.3% |
15 percent slopes
3158 Scituate fine sandy loam, 3 to 25.8 44.4%
8 percent slopes
4208 Canton fine sandy loam, 310 8 26 4.5%
percent slopes
651 Udorthents, smoothed 1.4 2.4%
Totals for Area of Interest £8.2 100.0%
Natural Resources Web Soil Survey 21132020
Conservation Service National Cooperative Soil Survey Page 30of3
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APPENDIX E:

U.S.G.S. Locus Map

CALCULATIONS AND REPORT BY Lesley Wilson
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APPENDIX F:

NFIP Firm Community Panel 25027CO829E

CALCULATIONS AND REPORT BY Lesley Wilsan
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APPENDIX G:

Pre-development catchment locations
Post-development catchment locations

CALCULATIONS AND REPORT BY Lesley Wilsan
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APPENDIX H:

Pre-Development Hydrology for POI
Type 111, 2-Year 24 Hour Storm

Type I11, 10-Year 24 Hour Storm

Type III, 100-Year 24 Hour Storm

CALCULATIONS AND REPORT BY Lesley Wilson



APPENDIX I:

Post-Development Hydrology for POI

25-yr Storm Drain Sizing Computations
Type HI, 2-Year 24 Hour Storm

Type III, 10-Year 24 Hour Storm

Type III, 100-Year 24 Hour Storm

CALCULATIONS AND REPORT BY Lesley Wilson
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Total

Total

Routing Diagram for Abby Woods Pre3
Prepared by Windows User, Printed 2/13/2020
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Abby Woods Pre3 Type I 24-hr 2yr Rainfall=3.27"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 2

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1E: Area to Wetlands Runoff Area=4.710 ac  0.00% Impervious Runoff Depth>0.88"
Flow Length=725"' Slope=0.0530" Tc=13.5min CN=72 Runoff=3.88 cfs 0.346 af

Subcatchment 2E: Area to Carroll Road Runoff Area=4.230 ac  1.18% Impervious Runoff Depth>1.04"
Flow Length=790" Slope=0.0440"/ Tc=14.6 min CN=75 Runoff=4.12 cfs 0.367 af

Reach Total: Total Inflow=7.99 cfs 0.713 af
Qutflow=7.99 cfs 0.713 af

Total Runoff Area = 8.940 ac Runoff Volume = 0.713 af Average Runoff Depth = 0.96"
99.44% Pervious = 8.890 ac  0.56% Impervious = 0.050 ac



Abby Woods Pre3 Tvpe Il 24-hr 2yr Rainfall=3.27"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment 1E: Area to Wetlands

Runoff = 3.88cfs@ 12.21 hrs, Volume= 0.346 af, Depth> 0.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 2yr Rainfall=3.27"

Area(ac) CN Description
2.930 74 >75% Grass cover, Good, HSG C
1.780 70 Woods, Good, HSG C

4710 72 Weighted Average
4.710 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ftift) (ft/sec) {cfs)

13.5 725 0.0530 0.90 Lag/CN Method,

Summary for Subcatchment 2E: Area to Carroll Road

Runoff = 412cfs @ 12.22 hrs, Volume= 0.367 af, Depth> 1.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type 1l 24-hr 2yr Rainfall=3.27"

Area (ac) CN Description

0.050 98 Paved parking & roofs

0.110 89 Gravel roads, HSG C

3.180 75 >75% Grass cover, Good, HSG C
0.890 70  Woods, Good, HSG C

4,230 75 Weighted Average

4.180 98.82% Pervious Area

0.050 1.18% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (f/ft)  (ft/sec) {cfs)

14.6 790 0.0440 0.20 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 8.940 ac, 0.56% Impervious, Infiow Depth > 0.96" for 2yr event
Inflow = 799 cfs @ 12.21 hrs, Volume= 0.713 af
Outflow = 799cfs @ 12.21 hrs, Volume= 0.713 af, Atten= 0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Abby Woods Pre3 Type ill 24-hr 10yr Rainfall=5.04"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 4

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1E: Area to Wetlands Runoff Area=4.710 ac  0.00% Impervious Runoff Depth>2.05"
Flow Length=725' Slope=0.0530"" Tc=13.5min CN=72 Runoff=9.50 cfs 0.806 af

Subcatchment 2E: Areato Carroll Road Runoff Area=4.230 ac  1.18% Impervious Runoff Depth>2.30"
Flow Length=790" Slope=0.0440""" Tc=14.6 min CN=75 Runoff=9.33 cfs 0.809 af

Reach Total: Total Inflow=18.81 cfs 1.615 af
Outflow=18.81 cfs 1.615 af

Total Runoff Area = 8.940 ac Runoff Volume =1.615 af Average Runoff Depth =2.17"
99.44% Pervious = 8.890 ac  0.56% Impervious = 0.050 ac



Abby Woods Pre3 Type Il 24-hr 10yr Rainfall=5.04"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 5

Summary for Subcatchment 1E: Area to Wetlands

Runoff = 9.50cfs @ 12.20 hrs, Volume= 0.806 af, Depth> 2.05"

Runoff by SCS TR-20 method, UH=8SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr 10yr Rainfall=5.04"

Area (ac) CN Description
2.930 74 >75% Grass cover, Good, HSG C
1.780 70 Woods, Good, HSG C
4710 72 Weighted Average
4,710 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min} (feet) (ftift)  (fi/sec) (cfs)

13.5 725 0.0630 0.90 Lag/CN Method,

Summary for Subcatchment 2E: Area to Carroll Road

Runoff = 8.33cfs @ 12.21 hrs, Volume= 0.809 af, Depth> 2.30"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 10yr Rainfall=5.04"

Area (ac) CN Description
0.050 98 Paved parking & roofs
0.110 89 Gravel roads, HSG C
3.180 75 >75% Grass cover, Good, HSG C
0.890 70  Woods, Good, HSG C
4.230 75 Woeighted Average
4.180 98.82% Pervious Area
0.050 1.18% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) __(ft/ft) (ft/sec) (cfs)

14.6 790 0.0440 0.90 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 8.940 ac, 0.56% Impervious, Inflow Depth > 2.17" for 10yr event
Inflow = 18.81cfs @ 12.20 hrs, Volume= 1.615 af
Outflow = 18.81cfs @ 12.20 hrs, Volume= 1.615 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Abby Woods Pre3 Type Il 24-hr 25yr Rainfall=6.14"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 6

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1E: Area to Wetlands Runoff Area=4.710 ac  0.00% Impervious Runoff Depth>2.88"
Flow Length=725' Slope=0.0530"" Tc=13.5min CN=72 Runoff=13.37 c¢fs 1.130 af

Subcatchment 2E: Area to Carroll Road Runoff Area=4.230 ac  1.18% Impervious Runoff Depth>3.16"
Flow Length=790' Slope=0.0440°" Tc=14.6 min CN=75 Runoff=12.84 cfs 1.115 af

Reach Total: Total Inflow=26.19 cfs 2.245 af
Outflow=26.19 cfs 2.245 af

Total Runoff Area = 8.940 ac Runoff Volume = 2.245 af Average Runoff Depth = 3.01"
99.44% Pervicus =8.890 ac  0.56% Impervious = 0.050 ac



Abby Woods Pre3 Type Il 24-hr 25yr Rainfall=6.14"
Prepared by Windows User Printed 2/13/2020

HydroCAD® 10.00-16_s/n 04131 © 2015 HydroCAD Software Solutions LLC

Page 7

Summary for Subcatchment 1E: Area to Wetlands

Runoff = 13.37 cfs @ 12.19 hrs, Volume= 1.130 af, Depth> 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr 25yr Rainfall=6.14"

Area (ac) CN Description

2,930 74 >75% Grass cover, Good, HSG C
1.780 70  Woods, Good, HSG C

4710 72 Weighted Average
4.710 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) {cfs)

13.5 725 0.0530 0.90 Lag/CN Method,
Summary for Subcatchment 2E: Area to Carroll Road

Runoff = 1284 cfs @ 12.20 hrs, Volume= 1.115 af, Depth> 3.16"

Runoff by SCS TR-20 method, UH=8SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25yr Rainfall=6.14"

Area (ac) CN Description

0.050 98 Paved parking & roofs

0.110 89 Gravel roads, HSG C

3.180 75 >75% Grass cover, Good, HSG C
0.890 70  Woods, Good, HSG C

4230 75 Weighted Average
4.180 08.82% Pervious Area
0.050 1.18% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftift)  (ft/sec) {cfs)

14.6 790 0.0440 0.90 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 8.940 ac, 0.56% Impervious, Inflow Depth > 3.01" for 25yr event
Inflow = 25619cfs @ 12.20 hrs, Volume= 2.245 af
Outflow = 26.19cfs @ 12.20 hrs, Volume= 2.245 af, Atten= 0%, Lag=0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Abby Woods Pre3 Type I 24-hr 100yr Rainfali=7.84"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 8

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind methed - Pond routing by Dyn-Stor-Ind method

Subcatchment 1E: Area to Wetlands Runoff Area=4.710 ac  0.00% Impervious Runoff Depth>4.24"
Flow Length=725' Slope=0.0530"/ Tc=13.5min CN=72 Runoff=19.64 cfs 1.666 af

Subcatchment 2E: Area to Carroll Road Runoff Area=4.230 ac  1.18% Impervious Runoff Depth>4.58"
Flow Length=790" Slope=0.0440"" Tc=14.6 min CN=75 Runoff=18.44 cfs 1.613 af

Reach Total: Total Inflow=38.04 cfs 3.278 af
Qutflow=38.04 cfs 3.279 af

Total Runoff Area = 8.940 ac Runoff Volume = 3.279 af Average Runoff Depth = 4.40"
99.44% Pervious = 8.890 ac  0.56% Impervious = 0.050 ac



Abby Woods Pre3 Type Il 24-hr 100yr Rainfali=7.84"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 9

Summary for Subcatchment 1E: Area to Wetlands

Runoff = 1964 cfs @ 12.19 hrs, Volume= 1.666 af, Depth> 4.24"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type IHl 24-hr 100yr Rainfall=7.84"

Area (ac) CN Description
2.930 74 >75% Grass cover, Good, HSG C
1.780 70  Woods, Good, HSG C
4710 72 Weighted Average
4.710 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) _ (feet)  (fi/fft) (fi/sec) (cfs)
13.5 725 0.0530 0.90 Lag/CN Method,

Summary for Subcatchment 2E: Area to Carroll Road

Runoff = 18.44 cfs @ 12.20 hrs, Volume= 1.613 af, Depth> 4.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr 100yr Rainfall=7.84"

Area {(ac) CN Description
0.050 98 Paved parking & roofs
0.110 89 Gravel roads, HSG C
3.180 75 >75% Grass cover, Good, HSG C
0.890 70 Woods, Good, HSG C
4.230 75 Weighted Average
4.180 98.82% Pervious Area
0.050 1.18% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/it)  (ft/sec) (cfs)
14.6 790 0.0440 0.90 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 8.940 ac, 0.56% Impervious, Inflow Depth > 4.40" for 100yr event
Inflow = 38.04 cfs @ 12.20 hrs, Volume= 3.279 af
Outflow = 38.04cfs @ 12.20 hrs, Volume= 3.279 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Area to Detentign Pond Area tp Carroll Road

P1

Detention Pond

Total

Total

Reach Linkl Routing Diagram for Abby Woods Post3
! Prepared by Windows User, Printed 2/13/2020
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Abby Woods Post3 Type Il 24-hr 2yr Rainfall=3.27"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16 s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 2

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1P: Areato Detention Pond Runoff Area=5.550 ac  8.11% Impervious Runoff Depth>1.04"
Flow Length=725" Slope=0.0530"7 Tc=12.4 min CN=75 Runoff=5.70 cfs 0.482 af

Subcatchment 2P: Area to Carroll Road Runoff Area=3.660 ac  12.30% [mpervious Runoff Depth>1.16"
Flow Length=790"' Slope=0.0440°/" Tc=13.7 min CN=77 Runoff=4.09 cfs 0.353 af

Reach Total: Total Inflow=6.49 cfs 0.810 af
Outflow=6.49 cfs 0.810 af

Pond P1: Detention Pond Peak Elev=497.17' Storage=5,122 ¢f [nflow=5.70 cfs 0.482 af
Outflow=3.36 cfs 0.458 af

Total Runoff Area =9.210 ac Runoff Volume = 0.834 af Average Runoff Depth = 1.09"
90.23% Pervious =8.310 ac  9.77% Impervious = 0.900 ac



Abby Woods Post3 Type Ill 24-hr 2yr Rainfall=3.27"

Prepared by Windows User Printed 2/13/2020
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Summary for Subcatchment 1P: Area to Detention Pond

Runoff = 570cfs @ 12.19 hrs, Volume= 0.482 af, Depth> 1.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2yr Rainfall=3.27"

Area (ac) CN Description
3.810 74 >75% Grass cover, Good, HSG C
1.290 70 Woods, Good, HSG C
0.450 98 Paved parking & roofs
5550 75 Weighted Average
5.100 91.89% Pervious Area
0.450 8.11% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet)  (ft/fit) (fi/sec) (cfs)

12.4 725 0.0530 0.98 Lag/CN Method,

Summary for Subcatchment 2P: Area to Carroll Road

Runoff = 409cfs @ 12.20 hrs, Volume= 0.353 af, Depth> 1.16"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2yr Rainfall=3.27"

Area(ac) CN Description
0450 98 Paved parking & roofs
2810 74 >75% Grass cover, Good, HSG C
0400 70 Woods, Good, HSG C
3.660 77 Weighted Average
3.210 87.70% Pervious Area
0.450 12.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet)  (ft/ft) (ft/sec) (cfs)
13.7 790 0.0440 0.96 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 9.210ac, 9.77% Impervious, Inflow Depth> 1.06" for 2yr event
Inflow = 6.49cfs @ 12.27 hrs, Volume= 0.810 af
Outflow = 6,49 cfs @ 12.27 hrs, Volume= 0.810 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Abby Woods Post3 Type lll 24-hr 2yr Rainfall=3.27"

Prepared by Windows User Printed 2/13/2020
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Summary for Pond P1: Detention Pond

Inflow Area = 5.550 ac, 8.11% Impervious, Inflow Depth > 1.04" for 2yr event

Inflow = 570cfs @ 12.19 hrs, Volume= 0.482 af

Outflow = 3.36cfs @ 12.43 hrs, Volume= 0.458 af, Atten=41%, Lag= 14.5 min
Primary = 3.36 cfs @ 12.43 hrs, Volume= 0.458 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=497.17' @ 12.43 hrs Surf.Area= 3,762 sf Storage= 5,122 cf

Plug-Flow detention time= 46.0 min calculated for 0.458 af (95% of inflow)
Center-of-Mass det. time= 28.6 min ( 848.4 - 819.8)

Volume Invert _ Avail.Storage Storage Description
#1 495.30' 27,184 cf Custom Stage Data (Prismatic) Listed below (Recaic)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) {cubic-feet)
495.30 1,199 0 0
496.00 2,666 1,353 1,353
498.00 4,536 7,202 8,555
500.00 6,808 11,344 19,899
501.00 7,763 7,286 27,184
Device Routing Invert Qutlet Devices
#1  Primary 495.30' 18.0" Round Culvert L=30.0' Ke=0.500

Inlet / Qutlet Invert= 495.30' / 495.10' S=0.0067 '/ Cc=0.900
n= 0.011, Flow Area= 1.77 sf
#2 Device 1 495.30" 30.0 deg V-Notch Weir Cv=2.61(C= 3.26)

Primary OutFlow Max=3.35cfs @ 12.43 hrs HW=497.17' TW=0.00' (Dynamic Tailwater)
T q=culvert (Passes 3.35 cfs of 8.35 cfs potential fiow)
2=V-Notch Weir (Weir Controls 3.35 cfs @ 3.57 fps)



Abby Woods Post3 Type Il 24-hr 10yr Rainfall=5.04"

Prepared by Windows User Printed 2/13/2020
HydroCAD® 10.00-16_s/n 04131 © 2015 HydroCAD Software Solutions LLC Page 5

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1P: Area to Detention Pond Runoff Area=5.550 ac  8.11% Impervious Runoff Depth>2.30"
Flow Length=725"' Slope=0.0530'"" Tc=12.4 min CN=75 Runoff=12.89 cfs 1.063 af

Subcatchment 2P: Area to Carroll Road Runoff Area=3.660 ac  12.30% Impervious Runoff Depth>2.47"
Flow Length=790" Slope=0.0440"" Tc=13.7 min CN=77 Runoff=8.85 cfs 0.752 af

Reach Total: Total Inflow=17.01 cfs 1.782 af
Outflow=17.01 cfs 1.782 af

Pond P1: Detention Pond Peak Elev=498.12' Storage=9,104 cf Inflow=12.89 cfs 1.063 af
Outflow=9.33 cfs 1.030 af

Total Runoff Area =9.210 ac Runoff Volume = 1.815 af Average Runoff Depth = 2.36"
90.23% Pervious =8.310 ac  9.77% Impervious = 0.900 ac



Abby Woods Post3 Type Il 24-hr 10yr Rainfali=5.04"

Prepared by Windows User Printed 2/13/2020
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Summary for Subcatchment 1P: Area to Detention Pond

Runoff = 12.89cfs @ 12.18 hrs, Volume= 1.063 af, Depth> 2.30"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 10yr Rainfall=5.04"

Area(ac) CN Description
3.810 74 >75% Grass cover, Good, HSG C
1.280 70 Woods, Good, HSG C
0.450 98 Paved parking & roofs
5550 75 Weighted Average
5.100 91.89% Pervious Area
0.450 8.11% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet)  (ft/ft)  (ft/sec) (cfs)

12.4 725 0.0530 0.98 Lag/CN Method,

Summary for Subcatchment 2P: Area to Carroll Road

Runoff = 8.85cfs @ 12.19 hrs, Volume= 0.752 af, Depth> 2.47"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 10yr Rainfall=5.04"

Area {ac) CN Description
0450 98 Paved parking & roofs
2810 74 >75% Grass cover, Good, HSG C
0.400 70 Woods, Good, HSG C
3.660 77 Weighted Average
3.210 87.70% Pervious Area
0.450 12.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (f'it)  (ft/sec) {cfs)

13.7 790 0.0440 0.96 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 9.210 ac, 9.77% Impervious, Inflow Depth > 2.32" for 10yr event
Inflow = 17.01cfs @ 12.25 hrs, Volume= 1.782 af
Outflow = 17.01cfs @ 12.25 hrs, Volume= 1.782 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs



Abby Woods Post3 Type Il 24-hr 10yr Rainfali=5.04"

Prepared by Windows User Printed 2/13/2020
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Summary for Pond P1: Detention Pond

inflow Area = 5.550 ac, 8.11% Impervious, Inflow Depth > 2.30" for 10yr event

Inflow = 12.89cfs @ 12.18 hrs, Volume= 1.063 af

Outflow = 9.33cfs @ 12.32 hrs, Volume= 1.030 af, Atten=28%, Lag= 8.7 min
Primary = 9.33cfs @ 12.32 hrs, Volume= 1.030 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=488.12' @ 12.32 hrs Surf.Area= 4,672 sf Storage= 9,104 cf

Plug-Flow detention time= 33.1 min calculated for 1.030 af (37% of inflow)
Center-of-Mass det. time= 21.6 min ( 823.8 - 802.2 )

Volume Invert  Avail.Storage _ Storage Description
#1 495.30' 27,184 cf Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
495.30 1,199 0 0
496.00 2,666 1,353 1,353
498.00 4,536 7,202 8,555
500.00 6,808 11,344 19,899
501.00 7,763 7,286 27,184
Device Routing Invert OQutlet Devices
#1  Primary 495.30' 18.0" Round Culvert L= 30.0' Ke=0.500

Inlet / Outlet Invert= 495.30' / 495.10' S=0.0067 '/ Cc= 0.900
n=0.011, Flow Area= 1.77 sf
#2  Device 1 495.30' 30.0 deg V-Notch Weir Cv=2.61 (C= 3.26)

Primary OutFlow Max=9.27 cfs @ 12.32 hrs HW=498.11' TW=0.00' (Dynamic Tailwater)
T 1=Culvert (Passes 9.27 cfs of 12.22 cfs potential flow)
2=V-Notch Weir (Weir Controls 9.27 cfs @ 4.38 fps)
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1P: Area to Detention Pond  Runoff Area=5.550 ac  8.11% Impervious Runoff Depth>3.17"
Flow Length=725" Slope=0.0530"" Tc=12.4 min CN=75 Runoff=17.87 cfs 1.464 af

Subcatchment 2P: Area to Carroll Road Runoff Area=3.660 ac 12.30% Impervious Runoff Depth>3.36"
Flow Length=790' Slope=0.0440"'" Tc=13.7 min CN=77 Runoff=12.01 cfs 1.024 af

Reach Total: Total Inflow=24.19 cfs 2.450 af
Qutflow=24.19 cfs 2.450 af

Pond P1: Detention Pond Peak Elev=498.57' Storage=11,306 ¢f Inflow=17.87 cfs 1.464 af
Outflow=13.49 cfs 1.426 af

Total Runoff Area = 9.210 ac Runoff Volume = 2.488 af Average Runoff Depth = 3.24"
90.23% Pervious = 8.310 ac  9.77% Impervious = 0.900 ac



Abby Woods Post3 Type Hll 24-hr 25yr Rainfall=6.14"
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Summary for Subcatchment 1P: Area to Detention Pond

Runoff = 17.87 cfs @ 12.17 hrs, Volume= 1.464 af, Depth> 3.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type [l 24-hr 25yr Rainfall=6.14"

Area (ac) CN Description
3.810 74 >75% Grass cover, Good, HSG C
1.290 70 Woods, Good, HSG C
0.450 98 Paved parking & roofs
5550 75 Weighted Average
5.100 91.89% Pervious Area
0.450 8.11% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftft)  (ft/sec) (cfs)

12.4 725 0.0530 0.98 Lag/CN Method,

Summary for Subcatchment 2P: Area to Carroll Road

Runoff = 12.01cfs @ 12.19 hrs, Volume= 1.024 af, Depth> 3.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type [l 24-hr 25yr Rainfall=6.14"

Area(ac) CN Description

0450 98 Paved parking & roofs

2810 74 >75% Grass cover, Good, HSG C
0.400 70  Woods, Good, HSG C

3.660 77 Weighted Average

3.210 87.70% Pervious Area

0.450 12.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) {cfs)
13.7 790 0.0440 0.96 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 9.210 ac, 9.77% Impervious, Inflow Depth > 3.19" for 25yr event
Inflow = 24.19cfs @ 12.24 hrs, Volume= 2.450 af
Outflow = 2419cfs @ 12.24 hrs, Volume= 2.450 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 tirs
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Summary for Pond P1: Detention Pond

Inflow Area = 5.560 ac, 8.11% Impervious, Inflow Depth > 3.17" for 25yr event

Inflow = 17.87 cfs @ 12.17 hrs, Volume= 1.464 af

Outflow = 13.49cfs @ 12.30 hrs, Volume= 1.426 af, Atten=25%, Lag= 7.6 min
Primary = 13.49cfs @ 12.30 hrs, Volume= 1.426 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=498.57' @ 12.30 hrs Surf.Area= 5,179 sf Storage= 11,306 cf

Plug-Flow detention time= 29.2 min calculated for 1.421 af (97% of inflow)
Center-of-Mass det. time= 19.5 min ( 814.5-795.0 )

Volume Invert  Avail.Storage Storage Description
#1 495,30 27,184 cf Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
495.30 1,199 0 0
496.00 2,666 1,353 1,353
498.00 4,536 7,202 8,555
500.00 6,808 11,344 19,899
501.00 7,763 7,286 27,184
Device Routing Invert Outlet Devices
#1  Primary 4985.30" 18.0" Round Culvert L= 30.0' Ke= 0.500

Inlet / Outiet Invert= 495.30' / 485.10' S=0.0067 '/ Cc= 0.900
n=0.011, Flow Area= 1.77 sf
#2 Device 1 495.30' 30.0 deg V-Notch Weir Cv=2.61 (C= 3.26)

Primary OutFlow Max=13.48 cfs @ 12.30 hrs HW=498.57" TW=0.00' (Dynamic Tailwater)
T =Culvert (Passes 13.48 cfs of 13.50 cfs potential flow)
2=V-Notch Weir (Weir Controls 13.48 cfs @ 4.72 fps)



Abby Woods Post3 Type lll 24-hr 100yr Rainfall=7.84"

Prepared by Windows User Printed 2/13/2020
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-ind method

Subcatchment 1P: Area to Detention Pond  Runoff Area=5.550 ac  8.11% Impervious Runoff Depth>4.58"
Flow Length=725" Siope=0.0530"/ Tc=12.4 min CN=75 Runoff=25.67 cfs 2.118 af

Subcatchment 2P: Area to Carroll Road Runoff Area=3.660 ac 12.30% Impervious Runoff Depth>4.80"
Flow Length=790" Slope=0.0440"" Tc=13.7 min CN=77 Runoff=17.01 cfs 1.465 af

Reach Total: Total Inflow=31.80 cfs 3.539 af
Outflow=31.80 cfs 3.539 af

Pond P1: Detention Pond Peak Elev=499,52' Storage=16,773 cf Inflow=25.67 cfs 2.118 af
Qutflow=15.85 cfs 2.074 af

Total Runoff Area =9.210 ac Runoff Volume = 3.583 af Average Runoff Depth = 4.67"
90.23% Pervious =8.310ac  9.77% Impervious = 0.900 ac
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Summary for Subcatchment 1P: Area to Detention Pond

Runoff = 25.67cfs @ 12.17 hrs, Volume= 2.118 af, Depth> 4.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100yr Rainfall=7.84"

Area(ac) CN Description

3.810 74 >75% Grass cover, Good, HSG C
1.290 70 Woods, Good, HSG C

0.450 98 Paved parking & roofs

5550 75 Weighted Average

5.100 91.89% Pervious Area

0.450 8.11% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) {ftit)  (ft/sec) (cfs)

124 725 0.0530 0.98 Lag/CN Method,

Summary for Subcatchment 2P: Area to Carroll Road

Runoff = 17.01cfs @ 12.19 hrs, Volume= 1.465 af, Depth> 4.80"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr 100yr Rainfall=7.84"

Area(ac) CN Description

0450 98 Paved parking & roofs

2.810 74 >75% Grass cover, Good, HSG C
0.400 70 Woods, Good, HSG C

3.660 77 Weighted Average

3.210 87.70% Pervious Area

0.450 12.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet)  (ft/ft) (ft/sec) (cfs)

13.7 790 0.0440 0.96 Lag/CN Method,

Summary for Reach Total: Total

Inflow Area = 8.210 ac, 9.77% Impervious, Inflow Depth > 4.61" for 100yr event
Inflow = 31.80cfs @ 12.21 hrs, Volume= 3.539 af
Outflow = 31.80cfs @ 12.21 hrs, Volume= 3.539 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
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Summary for Pond P1: Detention Pond

Inflow Area = 5.550 ac, 8.11% Impervious, Inflow Depth > 4.58" for 100yr event

Inflow = 25.67cfs @ 12.17 hrs, Volume= 2.118 af

Outflow = 15.85cfs @ 12.36 hrs, Volume= 2.074 af, Atten= 38%, Lag= 11.3 min
Primary = 15.85cfs @ 12.36 hrs, Volume= 2.074 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=499.52' @ 12.36 hrs Surf.Area= 6,265 sf Storage= 16,773 cf

Plug-Flow detention time= 26.5 min calculated for 2.067 af (98% of inflow)
Center-of-Mass det. time= 18.5 min ( 805.0 - 786.5)

Volume Invert  Avail.Storage _Storage Description

#1 495.30' 27,184 cf Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (sq-ft) {cubic-feet) (cubic-feet)

495.30 1,199 0 0

496.00 2,666 1,353 1,353

498.00 4,536 7,202 8,555

500.00 6,808 11,344 19,899

501.00 7,763 7,286 27,184
Device Routing Invert Qutlet Devices

#1  Primary 495.30' 18.0" Round Culvert L=30.0' Ke=0.500

Inlet / Qutlet Invert= 495.30' / 495.10' S=0.0067 '/ Cc=0.900
n= 0.011, Flow Area= 1.77 sf
#2  Device 1 495.30' 30.0 deg V-Notch Weir Cv=2.61 (C= 3.26)

Primary OutFlow Max=15.84 cfs @ 12.36 hrs HW=4998.52' TW=0.00' (Dynamic Tailwater)
=Culvert (Inlet Controls 15.84 cfs @ 8.97 fps)
2=V-Notch Weir (Passes 15.84 cfs of 25.54 cfs potential flow)



APPENDIX J:

Soil evaluation reports and perc test results

CALCULATIONS AND REPORT BY Lesley Wilson
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